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Adaptive peak — a particular configuration of allelic 
frequencies at which a population Is held by Inter­
actions of opposing forces (Wright, 1931). 
Buffering -- ability to resist environmental stress condi­
tions (Thoday, 1953). 
Coadaptatlon — balanced composition of the gene pool re­
sulting in maximum fitness (Dobzhansicy, 1955). 
Fitness — ability to be represented in future generations 
(Fisher, 1930). 
Genetic equilibrium — state of constant composition of the 
gene pool (Wright, 1931). 
Genetic homeostasis — mechanism of self-regulation on a 
genotypic level (Lerner, 1954). 
liomeostatlc model — a theoretical model for predicting 
changes in fitness with artificial selection, based 
on the assumption of superior fitness of heterozygotes 
(Robertson, 1956). 
Major fitness components — characters closely related to 
fitness (Robertson, A., 1955). 
Metric deviation model — a theoretical model for predicting 
changes in fitness with artificial selection, based on 
the superior fitness of phenotyplc intermediates (Latter, 
i960). 
V 
Minor fitness components — characters with slight Influence 
on fitness (Robertson, A. 1955). 
Peripheral traits — characters with no obvious effect on 
fitness (Robertson, A. 1955). 
Selection — non-random differential reproduction of geno­
types (Lerner, 1953). 
Artificial selection — selection Imposed by man 
Directional selection — selection for extreme 
expression of a character 
Disruptive selection — selection of parents from 
both extremes of the range of a character 
which are mated like to like. 
i'latural selection — selection for the fitter individual. 
Canalizing selection -- selection against alleles 
which increase the sensitivity of developing 
organisms to environmental stress conditions 
(Waddlngton, 1957). 
jJormallzlng selection -- selection against alleles 
causing development of abnormal phenotypes 
under normal environments (v/addlngton, 
1957). 
Statistician -- a guy who draws a mathematically precise 




"Survival of the fittest" has become a common phrase 
describing the mechanism of natural selection since Darwin 
published his Origin of species (I859). However, evolution­
ists recognize that the fittest individual is usually not an 
Individual showing extreme strength or extreme life span or 
the extreme expression of any one character. The fittest 
individual in the evolutionary sense is the individual which 
leaves the greatest number of offspring which in turn will 
transmit the inherited material from their parents to future 
generations. Thus, it is understandable that natural selec­
tion, in fact, favors phenotypes which are intermediate for 
metric traits. Such phenotypes show a harmonious balance 
between various metric traits and they are usually the ones 
with the highest reproductive capacity. An often quoted 
example of superior fitness of intermediates is clutch size 
in birds; more offspring are reared from nests containing 
an intermediate number of eggs than from nests containing 
very many or very few eggs (Lack, 1954). 
Ideally, natural populations have a very stable genetic 
composition, they are at a genetic equilibrium. In a 
practical sense they are never in a true state of equilibrium 
since they are constantly exposed to environmental fluc­
tuations. However, natural populations are generally well 
adapted to continuing minor changes in environment and thus 
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fitness in such populations is maximum for the given set of 
conditions. When artificial selection is imposed on these 
populations the state of adaptation Is disturbed and conse­
quently fitness declines. The following question then 
arises as stated explicitly by hobertson, A. (1955); is 
this loss in fitness with response to artificial selection 
due to the change in the population mean per se which is 
now no longer intermediate or is It due to increased homo­
zygosity at loci affecting the trait under selection? 
The purpose of Part A of this Investigation Is : 
1. to examine the extent of decline In fitness in 
different lines of Leghorn and Fayouml chickens as a cor­
related response to selection for the single metric traits 
body weight and egg weight; 
2. to study the relationship of fitness to these 
traits within the selected populations. This latter point 
will have some bearing on the question stated above since 
it is expected that the relationship between fitness and 
the trait under selection will change when homozygosity Is 
the main factor responsible for decreased fitness. 
In Part B of this study the survival of chicken embryos 
(regarded as a component of fitness) under environmental 
stress including exposure to low temperature is considered. 
Such stress treatments can be expected to enhance the action 
of natural selection; only well "buffered" genotypes, i.e. 
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those which develop even under adverse environmental condi­
tions, should survive. 
The specific objectives of these experiments were: 
1. to determine the differences in buffering capacity 
between selected lines and control lines; 
2. to study the influence of egg size on buffering 
capacity during embryonic development. 
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REVIEW OF LITERATURE 
Part A 
Theory of natural and artificial selection 
Fitness measures the ability of a genotype to be repre­
sented in future generations (Fisher, 1930). The over-all 
fitness of a population can be expressed in terms of the 
Malthusian parameter m (Fisher, 1930) which measures the 
relative rate of increase or decrease in population size. 
According to Fisher's fundamental theorem of natural selec­
tion, fitness will always tend to increase as a result of 
natural selection. However, fitness is also dependent on 
the mating system and will be influenced by the degree of 
inbreeding and the departure from random mating (Haldane, 
1937). Crow and Kimura (1956) and Kojima and Kelleher (I96I) 
showed that when departure from random mating, gene inter­
actions and linkage are taken into account fitness can 
actually decrease under natural selection, 
A balance of opposing forces (mutation, selection) tends 
to stabilize the genetic composition of natural populations. 
In Wright's (1931) terminology, these equilibrium populations 
are at an "adaptive peak" where they have maximum fitness 
for the given environment. He predicted that fitness would 
decline upon disturbance of the equilibrium by such forces 
as artificial selection. 
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In natural populations, Intermediate values for metric 
traits are optimum for fitness (Fisher, I930). On this 
basis, Haldane (1954) assumed that fitness is distributed 
normally with respect to a metric trait and thus declines 
in proportion to the square of the deviation of the metric 
trait from its mean. If metric traits are inherited through 
many genes with small individual effects which act in an 
additive manner the intermediate phenotypes tend to be the 
most heterozygous genotypes. Thus, selection against extreme 
phenotypes is, in effect, eliminating the more homozygous 
genotypes. This view is supported strongly by Lerner (1954) 
in the development of the concept of "genetic homeostasis." 
According to this model, every population has a mechanism 
of self-regulation through which it adjusts Itself genetically 
in order to retain maximum fitness under changed conditions. 
This mechanism is based on the assumption of additive genetic 
control of metric traits and of overdominance for fitness. 
Under these assumptions, since natural selection favors 
heterozygotes, genetic variability is preserved. 
If the hypothesis is accepted that intermediates are 
more fit only because they are more heterozygous than ex­
tremes ("homeostatic model"), the following relationships 
between fitness and a.metric trait under selection result 
(Robertson, 1956); 
a) in unselected populations (i.e. populations at 
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equilibrium), fitness of individual metric deviants from 
the mean (x) falls off as ^ h^(x-x)/2 where S is a 
constant relating the mean fitness of heterozygotes with 
o 2 
that of homozygotes; h^ and CTp are the heritability and 
phenotypic variance respectively of the metric trait; 
b) after selection has changed the population mean 
of the character by XQ, the relative fitness of the popula­
tion will have declined by 2h^ ; 
c) within the selected population, the relationship 
between fitness and deviation from the mean of the trait 
under selection will be linear, the coefficient being 
-SXQ/ (7-p; 
d) when selection is relaxed, the return in one genera­
tion will be a proportion F of the progress originally made. 
On the other hand, when one assumes that intermediate 
phenotypes are more fit because they are Intermediate for 
metric traits ("metric deviation model"), continued selection 
for Intermediate expression will lead to gene fixation 
(Robertson, 1956; Latter, I960). However, the changes in 
mean fitness under artificial selection and relaxation for 
metric traits are the same as under the previous model 
(Latter, i960). The relationship between fitness and the 
trait under selection within the selected population, however, 
is different in the two models. Whereas this relationship 
changes from cupvilinearlty in the equilibrium population 
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to linearity in the selected population under the homeostatic 
model, no such change is derived from the metric deviation 
model. 
Since the influence of different metric traits on fit­
ness varies, they are assumed to have been under different 
intensities of natural selection during the course of evolu­
tion. As a result, characters closely related to fitness 
(major fitness components) have little residual additive 
genetic variance but are subject to inbreeding depression 
and heterosis. Characters with only a slight influence on 
fitness (minor fitness components) have more residual addi­
tive genetic variance and show less Inbreeding depression 
and heterosis, while "peripheral" traits, having no direct 
relationship with fitness have a large amount of residual 
additive genetic variance and show little inbreeding depres­
sion and heterosis (Robertson, A., 1955; Falconer, i960). 
The mean value of major fitness components should be 
considerably below the optimum value for fitness, while 
that for minor fitness components should deviate only slightly 
from the optimum. For peripheral traits, the mean value 
and optimum should coincide and fitness declines very little 
as the mean of such traits is changed by artificial selection 
(Robertson, A. 1955; Lerner, 1958). For these reasons the 
Influence of the trait under selection on fitness is a 
major factor determining selection limits (James, I962). 
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Artificial selection changes gene frequencies direc-
tionally at loci which influence these traits but also at 
closely linked loci. In addition, random changes in gene 
frequencies become important when the size of the breeding 
population is restricted. The limits attainable in arti­
ficial selection programs will, therefore, depend also on 
the effective population size (Robertson, i960). 
Consequences of selection for characters with no direct 
relationship to fitness 
The most extensively studied trait with no direct 
effect on fitness is bristle number in fruit flies. Selec­
tion for high and low chaeta or bristle number in Drosophlla 
melanogaster may be effective over many generations (Mather 
and Harrison, 1949; Clayton and Robertson, 1957). Although 
bristle numbers have no obvious direct influence on fitness 
viability and fertility usually decline as a correlated 
response to selection. Mather and Harrison (1949) attri­
buted the correlated reduction in fertility to linkage 
between loci affecting chaeta number and loci affecting 
fertility. However, the observed changes in fitness in 
two-way selection experiments are often asymmetric. The 
high lines show greater reduction in some experiments (Mather 
and Harrison, 1949)» while the low lines have declined more 
in other experiments (Clayton et al., 1957; Latter and 
Robertson, 1962). Thus, linkage alone cannot take account 
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for the changes In fitness but plelotropy or directional 
dominance may also be at work (Falconer, i960). 
The reduction In fitness from artificial selection 
may limit selection response even for these traits which 
have no apparent effect on fitness. When fitness Is raised 
without affecting the trait under selection, the ultimate 
selection response can be Increased. Dlnsley and Thoday 
(1961) were able to reach a much higher chaeta number In a 
stock having a mutant favorable to fitness compared to a 
stock without this mutant. 
The inbreeding resulting from restricted population 
size can account for some fitness decline in these experi­
ments. In lines selected for high sternopleural chaeta 
numbers. Inbreeding was responsible for a 35 per cent drop 
in fitness measured by a competition index (Latter and 
Robertson, 1962). The same authors report that artificial 
selection for high and low abdominal bristle numbers reduced 
fitness 28 per cent in five generations or 57 per cent in 
ten generations respectively, beyond the reduction caused 
by inbreeding. 
Lines selected for peripheral traits retain a large 
proportion of genetic gain when selection is relaxed 
(Clayton et s^., 1957; Latter and Robertson, 1962). Thus 
natural selection against extremes of these traits is weak 
and practically ceases when fitness is restored. 
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Consequences of selection for characters with slight effects 
on fitness 
Body weight and wing length In fruit files, shank 
length and body weight and egg weight In chickens are good 
examples of traits which have some slight effects on fitness. 
Selection for short wing length In Drosophlla melanogaster 
may decrease fitness considerably more than selection for 
long wing length (Latter and Robertson, 1962). Sheldon (I965) 
reported that downward selection for body weight In the same 
species caused some reduction In egg production whereas no 
decrease was observed In the upward line. 
The results of relaxed selection of long and short wing 
length lines analysed by Robertson and Reeve (1952) are 
Inconsistent. While one long wing length line regressed 
Immediately upon relaxed selection, another, with an Initially 
higher selection response, retained all of Its gain. The 
short wing lines behaved similarly. However, later experi­
ments with two-way selection for thorax length (Robertson, 
F. W., 1955) Indicated that natural selection against ex­
treme body weight was not very Intense since the relaxed 
selection lines retained their gain. Thorax length was 
used as an Index of body weight In these experiments. 
Similar asymmetrical changes In fitness, as observed 
In some of the Drosophlla experiments, have been observed 
In mice selected for body weight. Low body weight In mice 
reduces litter size whereas high body weight gives rise to 
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larger litters. This often increases the selection dif­
ferential for high body weight so that the upward response 
is greater than the downward response to selection 
(MacArthur, 1944; Falconer, 1955). MacArthur (1944) men­
tioned some decline in fertility without giving any further 
details, however. 
Selection for high and low body weight in mice can 
cause some sterility which may depend on the origin of the 
base population (Fowler and Edwards, I960). Sterility was 
observed in the high and low line of one strain but not in 
the corresponding lines from another strain. However, In 
both strains, the number of eggs found after natural matings 
was considerably higher in the large lines than in the small 
lines. 
Because of intense selection for increased body weight 
and broad breast conformation in turkeys, fitness (fertility 
and hatchablllty^) has become a major problem in many 
commercial turkey flocks. Since correlation between body 
weight and fertility is often negative In these flocks 
(Berg and Shoffner, 1954), further selection for large body 
size would be expected to reduce fertility even more. 
Fertility of turkey eggs produced by medium or large hens 
was found to be lower than of those produced by small hens, 
%atchabillty will always be based on number of fertile 
eggs, not on number of eggs set. 
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regardless of whether they were mated to large or small 
toras (Rooney, 1957). 
Ogasawara £t a^. (1963) found that egg production, 
which Is another major fitness component, did not change 
after six years' selection for eight and 24 week body weight, 
respectively In turkey hens. As expected, fertility In 
these lines decreased and hatchablllty was reduced In some 
years. 
The published data on selection for body weight in 
chickens indicate that fertility usually remains unaltered. 
This might result from the positive linear relationship 
between body weight and semen volume, on the one hand, and 
the negative linear relationship between body weight and 
spermatozoa motility on the other hand (Slegel, 1963). 
Thus, selection for large body weight reduces spermatozoa 
motility but this is compensated by Increased semen volume. 
Likewise, the reduction in semen volume resulting from low 
body weight is compensated by Increased motility of the 
spermatozoa. Two Silver Oklabar broiler-type lines differing 
by approximately two pounds in weight at 12 weeks of age 
due to selection showed a slight Increase in fertility 
over a period of ten generations in the experiment reported 
by Maloney et al,. (1963). 
Hatchablllty and egg production are often not affected 
by selection for body weight (Clark and Cunningham, 1953; 
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Lerner, 1958; Maloney et , 1963). However, Siegel (1963) 
found per cent hen-day egg production to be negatively cor­
related with eight-week body weight, resulting In reduced 
egg production In the large lines and Increased production 
In the small lines. 
Selection for Increased shank length In chickens was 
very effective during the first seven generations after 
which the rate of Increase dropped markedly because of re­
duced hatchablllty (Lerner and Dempster, 1951). The authors 
estimated that two thirds of the decrease In rate of response 
could be accounted for by this opposing natural selection. 
Decline In hatchablllty was also Important In setting 
limits for responses to artificial selection for egg weight 
In chickens (Shultz, 1953). Plateaus were reached after 
four generations of two-way selection for November egg 
weight in Inbred Leghorn lines. These plateaus resulted 
from natural selection against dams with high egg weight 
in the high lines and against dams with low egg weight in 
the low lines. That intermediate sized chicken eggs hatch 
better than either extremely large or extremely small ones 
is well known (Halbersleben and Mussehl, 1921-1922; Skoglund 
et 1948). Landauer (1961) presented an extensive 
review of the literature on the relationship between egg 
size and hatchablllty. In general, the detrimental effect 
on hatchablllty of large eggs is more conclusively demonstrated 
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than that of small eggs, but the relationship between egg 
weight and hatchability seems to be curvilinear. This 
same relationship has been found to apply to turkey eggs 
(Marble and Margolf, 1936; Brunson and Godfrey, 1953) as 
well as to duck eggs (Rendel, 1943). 
In the flock studied by Lerner and G-unns (1952), the 
optimum egg weight for hatchability was somewhat below the 
population mean. The authors accounted for this by the 
slight selection for higher egg weight in this flock. They 
concluded that the optimum egg weight may vary from flock 
to flock as the mean egg weight varies. This suggests 
that the relationship between fitness and a metric trait 
is not necessarily the same for all populations. 
In flocks where the range of egg weights is rather 
asymmetrical around the population average, the relation­
ship between hatchability and egg weight is often found to 
be linear. The White Leghorn flock studied by Coles (1956) 
had a mean egg weight of 55 grams with a range of 47-76 
grams; hatchability decreased continuously with increasing 
egg weight. The author also showed that those eggs closest 
to an individual hen's mean egg weight hatched best, when 
this mean égg weight was neither extremely large nor extremely 
small. 
The negative genetic correlations observed in a flock 
of White Leghorns with a mean egg weight of 55 grams 
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(Crittenden and Bohren, 1961) suggest that the relationship 
between egg weight and hatchablllty is linear at the geno-
typlc level. Also the genetic correlation between egg 
weight and the fitness component egg production is evidently 
negative and linear (Wyatt, 1954; Abplanalp, 1957; King, 
1961). Therefore, one might expect fitness to decrease in 
flocks selected for high egg weight and to increase in 
flocks selected for low egg weight. 
Consequences of selection for major fitness components 
Theoretically, major components of fitness should have 
little additive genetic variance and therefore not much 
progress can be expected from mass selection for such 
traits (Robertson, A., 1955). 
Response to selection for fecundity in fruit flies is 
often very limited (Bell, ^  âi'» 1955, Kojlma and Kelleher, 
196.3). Opposing natural selection is not important in 
these experiments but exhaustion of additive genetic variance 
appears to be the actual reason for cessation of response 
(Brown and Bell, I960). 
Hiraizuffii (1961) found that selection for rate of 
larval development in Drosophila melano^aster decreased 
fertility. The negative correlation between these two fit­
ness traits was apparent only in lines with fast development 
while the correlation was positive in lines with slow develop­
ment . 
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In commercial poultry breeding programs, definite 
progress in the early generations seems to have been made 
by selection for increased egg production. Dempster et al. 
(1952) reported considerable response from continued 
selection for egg production in White Leghorn chickens 
although the rate of gain seems to have diminished in later 
years. Since other fitness components such as fertility 
and hatchablllty remained unchanged, total fitness as 
measured by the number of pullets alive on January first 
per dam mated, actually increased. Thus, opposing natural 
selection could not be held responsible for the diminishing 
rate of response. The authors concluded that a real decline 
in rate of gain may not have occurred. 
The results obtained by Yamada et (1958) indicated 
that a plateau was reached In their White Leghorn population 
selected for high egg production over ten years. In agree­
ment with Dempster et (1952), no opposing natural selec­
tion was noted. Natural selection should Increase the 
selection differentials for high egg production since more 
eggs can be set from high producers than from low producers 
(Gyles, et , 1955). Thus natural selection would tend 
to enhance rather than oppose artificial selection for egg 
production. 
Since egg production is highly sensitive to the environ­
mental changes in temperature, feed, etc., selection for high 
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egg production should favor individuals with higher buffering 
capacity (Lerner, 1955). On this basis no decline in fit­
ness is expected upon selection for high egg production. 
The lack of any regression in egg production when selection 
is relaxed in such strains is therefore not surprising 
(Shoffner and Grant, I96O; Bohren and McKean, 1964). How­
ever, Nordskog and Giesbrecht (1964) observed a decline in 
egg production of as much as one to three per cent per 
generation in a relaxed selection experiment involving 
three populations selected for high egg production. The 
authors argued that natural selection may not necessarily 
favor maximum egg production since It is only a component 
of fitness but not fitness itself and therefore a decline 
in egg production would be expected upon relaxed selection. 
Although negative genetic correlations between major 
fitness components have been observed in Drosophila 
(Hlraizuml, I96I), no similar findings have been reported 
in poultry. Neither genetic nor phenotypic correlations 
between egg production and hatchability were negative 
according to reports by Hill ^  a2. (1954) and Coles and 
Underwood (1954). Likewise, high producing birds tend to 
lay a higher percentage of fertile eggs (Warren and 
Kilpatrick, 1929; Lamoreux, 1940) and generally have higher 
viability than low producers (Krueger, et , 1952; Dempster 
et al., 1952; Nordskog and Hill, 1958). 
18 
In conclusion, the literature reviewed in this section 
suggests that the relationships between major fitness 
components in chickens are linear and positive. 
Part B 
Stress treatment during embryonic development 
The genetic mechanism of natural selection can pre­
serve normality of development either by eliminating alleles 
causing abnormal phenotypes under normal environments or 
by eliminating alleles which Increase the sensitivity of 
developing organisms to environmental stress conditions. 
Waddlngton (1957) referred to these two types of natural 
selection as "normalizing" and "canalizing" selection, 
respectively. Since wild-type organisms are usually less 
variable than mutant types, developmental reactions in 
wild type organisms are evidently well canalised, l^e. 
they are well buffered towards changing environmental 
Influences. 
A large amount of evidence showing that the more 
heterozygous genotypes are better buffered than the more 
homozygous ones has been presented by Lerner (1954), The 
observation that bilateral asymmetry of chaeta number In 
Drosophlla melanogaster Is more pronounced in Inbred lines 
than In F 1 crosses also supports this thesis (Mather, 1953), 
Bilateral asymmetry Is a good indicator of the degree of 
canalization of Individual development (Thoday, 1953). 
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Artificial selection for high and low chaeta number can 
increase the bilateral asymmetry of this trait, indicating 
that directional selection nay decrease the buffering capacity 
of an organism (Thoday, 1953). Some loss in buffering 
capacity was also found to occur from disruptive selection 
for rate of development in Drosophila melanogaster (Prout, 
1962). 
Since high buffering capacity might mask useful genetic 
variation, the application of stress treatments to organisms 
may reveal hidden variability. Waddington (1952) showed 
that Drosophila melanogaster pupae produced crossveinless 
phenocoples when subjected to temperature shock. Two-way 
selection for the frequency of appearance of these pheno­
coples was so successful that eventually crossveinless 
phenotypes were produced even without temperature shock. 
Shock treatment during embryonic development of turkeys 
permitted considerable progress in selection for Increased 
hatchabllity according to Carson (1964). Kens hatched from 
eggs exposed to 70°F. for five hours at day of transfer 
produced hatching eggs of nine to 16 per cent higher hatch-
ability than hens hatched from untreated eggs. 
Chicken embryos are quite resistant to temporary 
cooling during incubation although their sensitivity varies 
with different stages of development. Exposure for 12 
hours at 70°F. reduced hatchabllity by less than four per 
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cent In an experiment reported by Taylor et (1933). 
These workers found no differences in sensitivity during 
various stages of development. However, Kaestner (1895) 
and Moreng and Bryant (1956) found six to seven day old 
embryos and embryos older than 17 days to be the most 
sensitive ages when more drastic treatments were used (36 
hours exposure at 70°F. and 24 hours at 55°F., respectively). 
These same peaks of sensitivity were observed for cooling 
at minus ten degrees F. for 70 to 125 minutes (Moreng and 
Bryant, 1954). 
As expected, embryos of different genetic origin show 
different sensitivities to low temperature exposure. Lerner 
(1955) found that chilled eggs from a strain selected for 
high egg production had a hatchability of 55 per cent 
relative to untreated control eggs, while hatchability of 
chilled eggs from an inbred line was 35 per cent relative 
to the control eggs. Crosses between these inbred lines 
produced eggs which hatched 75 per cent (relative to the 
controls) under shock treatment. 
Olsen (1951) found that hatchability was reduced 
markedly when eggs from 12 different sources were stored 
at 32^F. for five days prior to incubation. Eggs produced 
by inbred Leghorn hens were least affected whereas eggs from 
outbred Rhode Island Red hens were the most susceptible ones. 
These results are not in agreement with the usually observed 
better buffering of heterozygous individuals (Lerner, 1954). 
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SOURCE OF DATA AND METHODS OF ANALYSIS 
Part A 
The data were obtained from five Leghorn and three 
Fayoumi lines which have been selected for single traits 
during seven generations. The line designations together 
with the selection criterion and the average number of 
selected breeders used to propagate each line are presented 
in Table 1. The egg production lines (A Leghorn and J Fayoumi 
lines, respectively) were maintained by approximately twice 
the number of breeders than the other lines. 
Table 1. Line designations with number (N) of selected breeders 
Selected breeders 
Breed 









A J high egg production 15 10-14 7-10 
B K high body weight 8 8-10 7-10 
C - low body weight 8 8-10 7-10 
D L high egg weight 8 8-10 7-10 
E - low egg weight 8 8-10 7-10 
The Leghorn base population consisted of four-way 
crosses obtained from 12 diallel single crosses. The single 
crosses were produced in the fall of 1955 from four dif­
ferent commercial strains. The Fayoumi lines were selected 
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from the Fayouml population maintained at the Iowa State 
University poultry farm for several years with little 
selection or departure from random mating involving a 
breeding population of approximately 8 males and 100 females 
each year. Selections were made at the end of each year 
in successive generations starting in the fall of 1956. 
Repeat mating Leghorn control lines (Goodwin et al., 
i960) and the Handombred Regional Cornell Control population 
(King et 1959) were used as controls in evaluating 
selection response in the Leghorn lines. A randombred 
Fayouml control population was used similarly for the Fayouml 
lines. Since individual fitness data (fertility, hatch-
ability) were not available in these control populations, 
the A Leghorn line and the J Fayouml line were used as controls 
for the Leghorn and Fayouml lines, respectively in studying 
the changes in fitness under selection for body weight and 
egg weight. 
Selection in the high rate of egg production lines (A 
and J line, respectively) was based on Period 1 records 
extending from day of first egg to nine months of age. For 
these lines a selection index was used, combining the 
individual's record, its dam family and sire average in an 
optimal way (Osborne, 1957). The males were selected on 
the basis of the number of their full sisters which had 
been selected. 
23 
Body weight was measured at housing time for the males 
and at approximately nine months of age for the pullets. 
Selection in the body weight lines (B, C, and K) was based 
on individual records for both males and females. 
Egg weights were determined from eggs laid during six 
trapnest days when the birds were approximately nine months 
old. The females in the egg weight lines (D, E, and L) 
were selected on their individual record whereas the males 
were selected in the same way as in the egg production lines. 
The selected females usually represented 20 to 25 per 
cent of the population whereas the males usually represented 
ten to 15 per cent of the population. However, the selection 
intensity was reduced considerably in some years due to the 
limited number of birds available. At least five to six 
different sire families were represented among the selected 
males in order to maintain as broad a genetic basis as 
possible. Full sib and half sib matings were avoided in 
order to minimize inbreeding. 
Three hatches in two week intervals were set for the 
Leghorn lines during February and early March of each year 
and for the Fayoumi lines four to six weeks later. The 
eggs were candled and transferred on the I8th day after 
infertile eggs and dead embryos had been removed. Hatch-
ability was determined as the proportion of the fertile eggs 
which hatched on the 21st day of incubation. Since some 
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delay in hatchability was observed in the high egg and the 
high body lines, eggs from these lines were incubated six 
to ten hours longer than those from the other lines. In 
the sixth generation of selection (1963 hatching season) 
all hatching eggs were weighed individually on the day of 
setting in order to study the effect of hatching egg weight 
on hatchability. 
The chicks were brooded intermingled to eight weeks of 
age in the Leghorn and to six weeks of age in the Fayoumi 
lines, respectively. They were placed on range during the 
summer and housed at approximately five months of age. 
Since the mortality data during the rearing period were 
rather unreliable, only the survival rate from housing to 
completion of Period 1 production records were used in 
measuring offspring survival. 
In addition to the Period 1 production records, body 
weight and egg weight, the following fitness traits were 
obtained for the selected breeders; total egg production, 
per cent fertility, per cent hatchability, and per cent 
offspring survival. 
These four components of reproductive fitness were 
combined into a fitness index (W) which measures the capacity 
to leave offspring surviving to breeding age; W=PxFxHx3 
where: P = rate of egg production over the total test 
period 
F = fertility, measured as the proportion of eggs 
set which were fertile 
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H = hatchabillty, measured as the proportion of 
fertile eggs which hatched 
û = offspring survival, measured as the proportion 
of pullets which survived from housing to nine 
months of age. 
The fitness index was computed on an individual hen basis 
as well as on a total population basis. In order to study 
the contribution of each fitness component to the total 
variation of the fitness index within each line, a logarith­
mic transformation was used so that the fitness index of 
each individual could be expressed as the sun: of the 
logarithms of the four components. The variance associated 
with each individual component (neglecting covarlances) was 
then expressed as a percentage of the total variance of 
the fitness index, dince the logarithm of zero is minus 
infinity, such values had to be neglected. Correlations 
between the four fitness traits entering the fitness index 
and between each one of these traits and the fitness index 
were computed on the logarithmic scale, using standard 
statistical procedures (Jnedecor, 1956). 
In order to study the relationship between fitness 
traits and metric traits under selection, simple linear 
regression coefficients were computed for per cent hatch-
ability and per cent fitness, using body weight and egg 
weight as the independent variables. The percentage values 
of each individual selected breeder (females only) were 
transformed to the arc-sin scale (Snedecor, 1956) in this 
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analysis. Multiple linear regression coefficients were 
also obtained to relate fitness Index or hatchablllty to 
egg weight and body weight simultaneously. Since the number 
of eggs set from each hen varied considerably, binomial 
weighting (Cochran, 1943) was used for these regression 
analyses. For the regressions of hatchablllty, the weighting 
factor was the number of fertile hatching eggs while for the 
fitness index analyses, it was the number of hatching eggs 
set. 
The trends of the total fitness components total 
per cent egg production, total per cent fertility, total 
per cent hatchablllty, and total per cent offspring survival 
for each line were examined by fitting regression lines using 
the numbers of successive generations of selection as the 
independent variable. These total values of the fitness 
components for each line were expressed as percentage of 
the corresponding values of the control lines, l.£. the A 
line for the Leghorn and the J line for the Fayouml lines, 
respectively, and the regression lines were obtained for 
these relative values. Similar regression analyses of the 
relative values of the fitness components and the fitness 
index were done on selection response in body weight and 
egg weight In successive generations. The selection response 
was also expressed in terms of percentages of the control 
lines similarly to the fitness components. 
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In order to obtain estimates of the amount of natural 
selection operative at various stages of the reproductive 
cycle, ratios of expected over realized selection differentials 
were computed for each line. The expected selection differen­
tials were obtained from the difference in the means of 
the selected trait of the selected breeders and the corres­
ponding mean of the total population before selection. The 
realized selection differentials were the weighted means of 
the individual dam's phenotypic deviation from the total 
population mean weighted according to the following five 
factors ; 
f^^ = number of eggs set 
fg = number of fertile eggs 
f^ = number of chicks hatched 
f^ = number of pullets housed 
fc = number of pullets surviving to breeding age 
(approximately nine months of age) 
Part B 
Two experiments were performed with hatching eggs 
obtained from matings between the selected Leghorn lines In 
order to study the buffering capacity towards stress treat­
ments of embryos from various sources. Length of pre­
incubation storage and extreme egg size were considered as 
minor stress treatments. A major stress treatment of 
chilling at 55° F. for 12 hours was applied on the l8th 
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day of Incubation. Table 2 shows the source of the hatching 
eggs and the approximate number of eggs set per mating. 
Table 2. Source of hatching eggs, number of eggs set 
Experiment 
number 
Number of eggs 
set per mating Matings 
1 550 AxA, BxB, CxC, DxD, ExE 
2 420 AxA, BxC, CxB, DxE, ExD 
For each experiment, eggs were collected during two 
weeks and stored at 55° P. for one or two weeks, respectively. 
Within these two storage groups, the eggs from each mating 
were weighed on the day prior to setting and grouped into 
three weight classes of large, medium, and small eggs 
respective to the average egg weight of the female parent. 
Each weight group contained approximately equal number of 
eggs. On the l8th day of incubation, the eggs were candled 
to remove infertile eggs and dead embryos and were trans­
ferred to hatching trays. From each mating, one half of 
the eggs of each weight class within both storage periods 
were chilled on the transfer day under the conditions des­
cribed above. After completion of exposure, the chilled 
eggs were put back into the incubators and allotted at 
random among the untreated eggs. Since cooling was expected 
to delay hatching, all unhatched eggs were returned to the 
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Incubators for another 24 hours after removal of the chicks 
which hatched on the 21st day. Each experiment was replicated 
In two Incubators. 
Chl-square values with one degree of freedom each 
were computed to test whether chilling had significantly 
changed hatchablllty within weight classes and storage 
periods. Similar tests were performed between higher groups 
of classification. In order to detect any significant 
effect of egg weight on ïiatchablllty, chl-square values 
with two degrees of freedom each were computed on the three 
different weight classes within each subgroup according to 
the following formula; 
X^_l = f^lPl - P^l (Ostle, 1963) 
P(l-P) 
where, k = number of groups 
a^ = number of hatched chicks In group 1 
p^ = proportion of hatch of fertile eggs In group 1 
p = overall proportion of hatch of fertile eggs of 
all groups considered. 
Since Individual hen to hen variation could not be 
taken Into account, these chl-square tests might be biased 
upward. 
The results from each experiment were summarized by ah 
analysis of variance for a spllt-spllt-spllt plot design 
(Kempthorne, 1952) with matlngs or lines representing whole 
plot treatments. Storage periods corresponded to split 
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plot treatments, weight classes to split-split plot treat­
ments, and chilling to split-split-split plot treatment, 
respectively. An angular transformation (Snedecor, 1956) 
was applied to all percentage values and the sums of squares 




The number of selected females for which egg weight 
and body weight data were available is presented in Table 3. 
The number of hatching eggs set from each line is also given 
in this table. 
Table 3. Number of selected breeders witn body weight, 
N(BW) and egg weight, N(EW) data available and 
number of hatching eggs set N(H) 
Generation 
Line Trait 0 1 2 3 4 5 6 
Leghorn 
206 A N(BW) 212 212 220 157 158 144 
N(EW) 211 206 219 217 154 145 143 
N(H) 2912 3985 3784 .3639 2290 2382 2221 
B N(BW) 56 59 59 63 79 80 72 
N(EW) 55 59 57 58 76 65 44 
N(H) 465 927 837 713 1567 1521 1139 
C N(BW) 55 66 63 63 77 79 74 
N(EW) 55 66 62 59 70 57 45 
N(H) 586 1311 953 944 1454 1239 1127 
D N(B¥) 46 55 62 63 78 79 72 
N(EW) 47 55 64 64 78 79 72 
N(H) 601 1152 1012 744 1857 1714 1141 
E N(BW) 43 60 61 63 76 80 71 
N(EW) 44 60 63 63 78 80 71 
N(H) 575 1194 1006 972 1245 1301 1134 
Fayoumi 
J N(BW) 106 141 136 139 158 154 
N(EW) 107 123 131 142 142 151 
N(H) 1313 1957 2694 2691 2338 2432 
K N(BW) 55 72 65 72 80 74 
N(EW) 55 55 60 50 47 65 
N(H) 469 877 976 917 756 966 
L N(BW) 42 62 69 69 80 73 
N(EW) 42 53 69 70 79 73 
N(H) 641 756 1070 1167 983 1401 
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Since the information necessary to prepare punched 
cards was not available for all of the last year of the 
Fayoumi populations, only six years' data were analysed 
for these lines. 
Figures 1 and 2 demonstrate that single trait selection 
for body weight or egg weight separated the lines success­
fully for these traits. The mean body weights and egg 
weights of the selected populations were expressed as per­
centages of the corresponding means of the control popula­
tions, i^e. the A line for the Leghorn and the J line for 
the Fayoumi lines, respectively. The solid lines in these 
graphs represent direct responses to selection while the 
dotted lines show correlated responses. Thus, in Figure 1, 
the B line reached a body weight or approximately 155 per 
cent of the A line by generation six from direct selection. 
For line D, body weight increased to approximately 115 per 
cent of the A line as a correlated response to selection 
for high egg weight. Selection for high egg weight and high 
body weight was as effective for the K and L Fayoumi lines 
(relative to the J line) as for the corresponding Leghorn 
lines. 
The means, graphed in Figures 1 and 2 are presented in 
Tables 45 and 46 (Appendix). The corresponding means of 
the selected breeders are in the same tables. The standard 
deviations for the total population means and the means of 
the selected breeders are in Tables 47 and 48 (Appendix). 
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Chanp;es In reproductive fitness as correlated responses to 
selection 
The four main factors determining reproductive fitness 
In chickens were first considered separately In the following 
order; egg production, fertility, hatchablllty, and off­
spring survival. 
Egg production Total per cent egg production of the 
selected breeders of all lines relative to their control lines 
Is presented numerically In Table 4 and graphically in Figure 
3. The uncorrected percentage values are given in Table 49 
(Appendix). Since only the selected breeders of each line 
Table 4. relative per cent egg production 
Generation Linear 








































































**olgniflcant at the 1;^ level. 
^Significant at the 5^ level. 
were considered, all lines were lower than their controls 
already in generation zero. The body weight lines (B,G, and 
K line) were consistently lower in production than the egg 
weight lines (D,E, and L line). The rate of decline over 
successive generations of selection was significant for the C 
line and for the K and L Fayounil lines while no significant 
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To summarize the results, a factorial analysis (Snedecor, 
1956) on the raw egg production data of the Leghorn and 
Fayouml lines separately was performed (Table 5). Lines 
and generations being considered to be fixed effects, the 
analysis was performed according to the Model I analysis 
(Snedecor, I956). 
Table 5. Factorial analysis of egg production 
Source of variation d. f. M.S. 
Leghorn Fayouml Leghorn Fayouml Leghorn Fayouml 
Lines 4 2 
Avs,(B+C+D+E) jvs.(K+L) 1 1 535.47** 867.30** 
(B+C)vs.(D+E) Kvs .L 1 1 219.52** 243.90** 
Bvs .0 1 20.89* 
Dvs .E  1 1.58 
Generations 6 5 105.37** 15.11* 
Linear 1 1 183.54** 32.57* 
Quadratic 1 1 276.05** 1.16 
Lines X Generations 24 10 
Lines X Linear 4 2 
AV8.(B+C+D+E) j vs  .(K+L) 1 1 30.74** 130.48** 
(B+C)V8.(D+E) Kvs .L 1 1 28.60* 29.53* 
Bvs .0 1 31.35** 
DVS .E 1 4.29 
Error 20 8 3.77 3.44 
Total 34 17 
**51gnlfloant at the 1^ level. 
* Significant at the 5^ level. 
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The break down of the sum of squares for lines Into 
orthogonal contrasts Indicated that egg production was 
significantly lower In all the selected lines compared to 
their control lines. The difference In egg production 
between the body weight and egg weight lines was highly 
significant In both the Leghorn and the Fayouml breed, Indi­
cating that selection for body weight was more detrimental 
to egg production than selection for egg weight. 
The lines x generation Interaction sum of squares were 
analyzed Into 1) Interaction between lines and linear regres­
sion coefficients on generations and, 2) the remainder, used 
as error mean square. The Interaction between lines and 
linear regression coefficients were then divided again Into 
a set of orthogonal comparisons. The linear regression co­
efficients of the selected lines were significantly different 
from those of the control lines and the rates of decline In 
the body weight lines were significantly greater than In 
the egg weight lines. The regression coefficient in the 
Leghorn line C was significantly higher than in the high 
body line B but no such difference could be demonstrated for 
the egg weight lines. 
Figure 4 shows that the Influence of direct selection 
for body weight on egg production was most detrimental in 
the C and K lines. Where the D line overlapped in body 
weight with the B line, egg production was higher in the 
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egg weight line. In the Payouml egg weight line, however, 
egg production would have been lower than in the body weight 
line in the range of 105 to 115 per cent relative body weight. 
Figure 5 is analogous to Figure 4 but with relative 
egg weight as the abscissa. Egg production in the egg weight 
lines was always higher than in the body weight lines although 
the egg weights in the latter were of comparable magnitude 
to the egg weights of the former. The pattern of changes in 
egg production was similar in the high egg weight lines of 
both breeds with a marked drop occurring during the first 
two generations of selection while the changes were rather 
irregular thereafter. 
In summary, we find that egg production was consistently 
lower in the body weight lines than in the egg weight lines 
of both breeds and that the rate of decline over successive 
generations was significant in the low body Leghorn line C 
and in both selected Fayoumi lines. 
Fertility Average relative fertility (Table 6) 
did not suffer greatly in the Leghorn lines during the 
selection for body weight or egg weight while high body 
weight selection in the Fayoumi breed resulted in a marked 
decrease in fertility. The uncorrected data are given in 
Table 50 (Appendix). 
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Table 6. Relative per cent fertility 
Generatli Ion Linear 
Line Mean 0 1 2 3 4 5 6 regres-
slon 
Leghorn 
B 95.8 102.9 104.4 98.8 113.0 68.9 77.6 104.8 -2.78 
C 105.2 107.2 106.1 105.6 116.4 102.9 96.8 101.2 -1.40 
D 98.0 100.2 105.0 99.9 99.0 90.3 85.1 IO6.7 -I.07 
E 99.1 94.1 105.5 102.0 103.9 98.7 101.0 88.7 -1.02 
Ail 99.5 101.1 105.3 101.6 108.1 90.2 90.1 100.4 -1.57* 
Fayouml 
K 83.4 92.8 92.1 90.0 83.3 75.9 66.4 -5.35** 
L 93.5 89.0 93.0 93.2 96.9 99.2 89.6 .72 
Ail 88.5 90.9 92.5 91.6 90.1 37.5 78.0 -2.31** 
* Significant at the 5^ level. 
** Significant at the 1% level. 
However, fertility of the Leghorn lines was considerably 
lower in the later generations of selection than in the 
earlier generations (Figure 6). This negative trend is 
substantiated by the negative sign of the linear regression 
coefficients in Table 6. 
Fertility dropped in all Leghorn lines in generation 
four but the decrease was sharper in the body weight lines 
than in the egg weight lines. This is reflected in the 
slightly greater regression coefficients for the body weight 
lines. The extreme decline in fertility in the high body 
Leghorn line B represented generally lower fertility in all 
matings rather than in one single mating pen. On the other 
hand, fertility increased in generation six in all Leghorn 
lines except in the E line. The decrease in the latter was 
traced to the complete sterility of one single male. 
The high body Fayoumi line K showed a steady and sub­
stantial decline in fertility from selection while the high 
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egg line L increased slightly in fertility during the first 
four generations. 
Table 7. Factorial analysis of per cent fertility 
Source of variation d.f M .S. 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 
A V8.(B+C+D+E) J vs.(K+L) 1 1 1.44 378.30** 
(B+D) vs.(C+E) 1 144.46 
B vs.D K vs.L 1 1 15.86 207.50** 
C vs.E 1 91.10 
Generations 6 5 106.56 323.03** 
Linear 1 1 275.do* 784.16** 
Quadratic 1 1 103.31 781.23** 
Lines X Generations 24 10 
Lines X Linear 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 42.03 25.31* 
(B+D) vs.(C+E) 1 11.13 
3 vs.D K vs.L 1 1 . 31.50 200.40** 
C vs.E 1 2.04 
Error 20 8 47.67 4.19 
Total 34 17 
^^Significant at the I70 level. 
•«Significant at the 5^ level. 
The factorial analysis for per cent fertility (Table 7) 
shows that the Leghorn lines did not differ significantly 
from each other. Fertility in the high body Fayoumi line K 
was, however, significantly lower than that in the high egg 
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Fayouml line L. The linear regression coefficient for the 
former was significantly different from that of the latter, 
indicating that fertility decreased at a high rate in the 
K line while it Increased slightly in the L line. 
Figure 7 demonstrates the changes in fertility as a 
response to selection for body weight. Extreme body weight 
per se did not greatly alter fertility in the Leghorn lines. 
In the Leghorn body weight lines, fertility was much the 
same at either extreme compared with intermediate values 
except for the low dip taken by the B line in generation 
four. The egg weight lines showed similar patterns of response 
in fertility. The high body Fayoumi line K, however, sharply 
decreased in fertility after relative body weight reached 
130 per cent. 
The relative response in fertility with selection for 
egg weight (Figure 6) shows that the high egg Leghorn line 
D decreased in fertility with the exception of the last 
generation. The reverse pattern was observed for the high 
egg Fayoumi line L where fertility increased with increasing 
egg weight in the first four generations but dropped in 
generation five. 
Correlated responses in fertility apparently had not 
settled down to a definite pattern during the first six 
generations of selection in the Leghorn lines although the 
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data indicated that over-all fertility of the selected lines 
was somewhat lower in the last three generations. A highly 
significant decline in fertility with continuing selection 
response was observed for the high body Fayoumi line K when 
body weight increased beyond 130 per cent of that of the 
control line. 
Hatchabillty Table 8 shows the relative hatchabilities 
for the selected Leghorn and Fayoumi lines while the uncorrected 
data are given in Table 51 (Appendix). The mean values for 
each line clearly indicate that hatchabillty was affected 
more by selecting for high body or egg weight than by selecting 
in the opposite direction. 
Table 8. Relative per cent hatchabillty 
Linear 
Generation regres-
Line Mean 0 1 2 3 ? 5 6 sion 
Leghorn 
B 8Ô.4 96 .1 86 .4 94.6 90.2 89 .0 80 .0 82 .4 -2 .13* 
C 97.5 99 .-3 102 .4 97.3 90.9 104 .4 98 .8 69 .1 -1 .10 
D 07.2 99 .4 90 .5 89.4 89.3 85 .3 77 .1 79 .4 -3 . 25** 
97.4 99 .5 89 .1 95.8 100.1 97 .1 108 .7 91 .6 .60 
All 92.6 98 .6 92 .1 94.3 92.6 93 .9 91 .2 85 .6 -1 .47 
'ayouml 
87.5 i'C 90.8 98 .1 100 .2 89.1 81 .2 88 .7 -3 .02 
L 93.9 97 .9 107 .7 96.6 94.8 08 .1 70 .2 -4 . 55** 
All 92.3 98 .0 103 .9 92.9 91.1 84 .7 83 • 5 -3 .78** 
•«•Significant at the 5^ level. 
^^Significant at the level. 
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Figure 9 presents the hatchability data graphically. 
The curves for the high lines declined steadily while 
hatchability in the low lines fluctuated considerably. In 
the E line, hatchability increased up to the fifth generation 
of selection but declined sharply in generation six. The 
rate of decline in hatchability was statistically significant 
for all upward selected lines except for the li line. The 
latter partly recovered in the fifth generation. For all 
other generations, the K line eggs hatched poorer than the 
L line eggs while in the Leghorns, B line eggs always hatched 
slightly better than D line eggs. 
The difference in hatchability between the high and 
low Leghorn lines was highly significant as shown by the 
significant mean square for the orthogonal comparison between 
these lines in Table 9. 
From the analysis of the lines x generations interaction, 
the difference between the regression coefficients of the high 
and low Leghorn lines was statistically significant. In 
the low lines no significant decline could be demonstrated. 
The linear regression coefficients of the selected Fayoumi 
lines were significantly different from the J line control, 
indicating that hatchability in the selected populations 
declined at a significant rate. 
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Table 9. Factorial analysis of per cent hate Inability 
Source of variation d. f. M . S. 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 
A vs . (.3+C +D+Ù ) J vs , (K+L ) 1 1 226.82** 186.32*' 
(B+D) vs.(G+E) 1 475.61** 
3 VS.D K vs.L 1 1 4.60 23.24 
C vs.a 1 .07 
Generations 6 5 259.37** 61.92* 
Linear 1 1 26.53 171.72* 
Quadratic 1 1 154,34** 67.27 
Lines X Generations 24 10 
Lines X Linear 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 40.02 123.46* 
(3+D) vs.(C+£) 1 125.80** 
a vs.D i; vs.L 1 1 12.07 13.76 
C vs.A 1 24.31 
Error 20 ci 13.75 14.14 
Total 34 17 
^Significant at the level. 
response in body weight (Figure 10) showed the same inconsist­
ency as pointed out previously (Figure 9). While some decline 
occurred until body weight fell to approximately 80 per cent 
of the A line control, hatchability fluctuated greatly during 
the last four generations where body weight seems to have 
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levelled off. The B line declined in hatchability when 
relative body weight reached approximately 120 per cent. 
The linear regression coefficient for the K line was not 
significant when generation number was the independent 
variable, but became significant when body weight was the 
independent variable. 
Figure 11 shows the correlated response in hatchability 
plotted against selection response in egg weight. The most 
interesting point in this graph is that hatchability in the 
Leghorn lines decreased continuously over the range of 
relative egg weights from approximately 80 to 120 per cent. 
This suggests that the egg weight of the control line was 
slightly above optimum for best hatchability. The hatch-
ability in the E line appears to have become instable when 
the minimum egg weight was reached. The Fayoumi lines 
experienced a highly significant rate of decline in hatch-
ability over a rather narrow range of relative egg weights 
but did not fall below that of the comparable Leghorn lines 
because of the higher starting point in generation one. 
In conclusion, upward selection for either egg weight 
or body weight decreased hatchability significantly while , 
downward selection did not. In fact, selection for low 
egg weight increased hatchability slightly during the first 
five generations, indicating that the egg weight of the 
Leghorn control line might be above optimum for hatchability. 
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Figure 11. Changes in hatchability with direct and indirect selection response 
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Offspring survival Since offspring survival could 
be measured only during the period from housing to nine 
months of age, variation In this trait was very small as 
Is evident from the data in Table 10. The figures on which 
these relative percentages are based are given In Table 52 
(Appendix). 
Table 10. Relative per cent offspring survival 
Generation Linear 
Line Mean 0 1 2 3 4 5 6 regres-
slon 
Leghorn 
.8 100.8 98 3 99.8 100.9 95.5 100 103 .0 99 .4 .0 .05 
C 95.8 93.7 98.4 95 .8 89.8 99 .6 98 .1 95 .5 .31 
D 98.0 100.5 94.6 98 .3 93.4 101 .4 97 .9 100 .2 .31 
E 98.4 92.7 103.1 98 .7 98.3 100 .4 98 .9 96 .9 .21 
All 98.0 96.9 97.9 98 .4 95.6 101 .1 98 .6 97 .7 .22 
Fayoumi 
98 96 K 98.7 99.1 99.0 .3 99.1 100 .5 .2 -.26 
L 98.7 99.9 99.6 96 .9 99.7 97 .0 99 .2 -.24 
All 98.7 99.5 99.3 97 .6 99.4 98 .7 97 .7 -.25 
No significant differences between the selected lines 
and their controls could be detected (Table 11). Although 
none of the linear regression coefficients were statistically 
significant, offspring survival tended to increase slightly 
in the Leghorn lines while a slight decline seemed to occur 
in the Fayoumi lines. 
Table 11. Factorial analysis of relative per cent offspring 
survival 
Source of variation d.f. M.S. ~ 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 
Avs.(B+C+D+E) JVS.(K+L) 1 1 19.84 6.50 
(B+D)vs.(C+E) 1 19.06 
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Table 11. (Continued) 
Source of variation d.f. M. S .  
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayouml 
3 vs.D K vs .L 1 1 9.95 .01 
C vs .E 1 21.68 
Generations 6 5 34.56 4.47 
Linear 1 1 68 .64 - 'Hf  1.61 
Quadratic 1 1 36.37 10.20 
Lines X Generations 24 10 
Lines X  Linear 4 2 
A vs.(B+C+D+E) J vs .(K+L) 1 1 .d2 .76 
(B+D) vs.(C+E) 1 .04 
5 vs.D L vs .L 1 1 .63 .01 
c vs.a 1 .14 
Error 20 ( j  7.33 1.73 
Total 34 17 
^^Significant at the 1% level. 
^Significant at the 5% level. 
Fitness index The relative fitness index which is 
the product of egg production, fertility, hatchability and 
offspring survival is presented in Table 12; the uncorrected 
data are given in Table 53 (Appendix). 
The high body weight lines of both breeds showed by 
far the lowest fitness values. Fitness in the high egg 
weight lines was similar in both breeds, being approximately 
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Table 12. Relative per cent fitness index 
Generation Linear 
Line Mean 0 1 2 3 4 5 6 regression 
Leghorn 
B 66.0 78.7 73.6 75.2 71.8 43.6 49.3 64.8 -4.19 
C 61.4 69.9 96.2 83.6 76.1 90.2 74.1 59.7 -4.59** 
D 74.4 92.4 85.1 79.7 64.3 67.8 58.4 72.8 -4.43** 
Z 85.4 78.0 84.9 90.8 69.5 85.6 100.6 67.9 - .13 
All 76.8 84.8 85.0 82.4 75.4 73.1 70.6 66.3 -3.33* 
Fayoumi 
K 54.2 72.7 76.7 57.4 46.0 39.9 32.3 -9.25** 
L 73.5 82.6 89.8 73.1 70.2 71.6 53.8 -5.76** 
All 63.8 77.7 83.3 65.3 58.1 55.8 43.1 -7.50** 
**5igniflcant at the 1^ level. 
*51gniflcant at the 5% level. 
75 per cent of that of the corresponding control lines while 
the lines selected for low body weight or egg weight showed 
highest fitness of all the selected lines. 
The changes in fitness index over successive generations 
of selection are graphed in Figure 12. The main features 
of this graph are that the 3 and D line always were well 
below the C and E line except for the last generation where 
the high lines showed a sudden increase in fitness index 
while the low lines dropped markedly. Except for an Increase 
in the fourth generation, the C line declined rather steadily 
in the fitness index, but generally remained above the high 
lines. The Fayoumi lines decreased in fitness more rapidly 
than the comparable Leghorn lines. The extreme decline in 
the K line, in fact, prevented effective selection in 
generation six when only enough birds to maintain the 
population could be raised. 
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Table 13. Factorial analysis of per cent fitness index 
Source of variation d. t. M .S. 
Leghorn Fayouml Leghorn Fayouml Leghorn Fayouml 
Lines 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 651.46** 1196.01** 
(B+D) vs.(C+E) 1 242.49** 
B vs.D K vs.L 1 1 52.65 260.40** 
C vs 1 14.40 
Generations 6 5 53.49* 69.27** 
Linear 1 1 16.32 110.73** 
Quadratic 1 1 51.03 225.34** 
Lines x Generations 24 10 
Lines X Linear 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 91.77* 156.76** 
(B+D) vs.(C+Z) 1 25.94 
3 vs.D K vs.L 1 1 .11 26 .o4 
G vs.E 1 50.43 
jirror 20 8 18.82 5.93 
Total 34 17 
^^Significant at the \% level. 
^Significant at the 5;^ level. 
As can be seen from the factorial analysis (Table 13) 
selection significantly reduced fitness when all the selected 
lines were compared with their control lines. The difference 
between the high and low Leghorn lines also was highly 
significant. The rate of decline in the fitness index in 
the selected lines was statistically significant as compared 
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to that in the control lines. Although the mean square for 
the comparison of the linear regression coefficients of the 
C and S line did not quite reach significance, the small 
coefficient for the E line is notable. Fitness tended to 
increase in this line up to the fifth generation of selection. 
In Figure 13, the changes in fitness with response to 
selection in body weight are shown as solid lines for the 
populations directly selected for the trait and as dotted 
lines for populations selected indirectly. The C line dropped 
sharply in fitness until a relative body weight of approximately 
80 per cent.was reached, after which little selection progress 
was made but fitness index varied widely. The S line was 
low in fitness even in the first generation of selection 
although its deviation from the A line control in relative 
body weigilt was of approximately the same magnitude as that 
of the C line. A sharp decline in fitness in the B line 
occurred between 130 per cent to 140 per cent relative body 
weight. No selection response was obtained in the i.nredlabely 
following generation and no change in fitness was observed. 
However, a further selection response was accompanied by a 
considerable increase in fitness. 
Although the 3 and K lines were comparable both in 
fitness index and relative body weight in generation one, 
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the Fayouml line declined regularly and rapidly while the 
response to selection for body weight was practically the 
same as in the Leghorn line. 
The changes in relative fitness index are plotted 
against egg weight in Figure 14. The E line did not change 
markedly in fitness until maximum selection response was 
obtained (approximately 83 per cent of the A line control). 
At these extreme egg weight values, relative fitness fluc­
tuated erratically, varying as much as 30 per cent. A 
similar pattern was observed in the previous graph for the 
C line (Figure 13). 
The D line declined in fitness until a relative egg 
weight of 115 per cent had been attained. A further response 
in egg weight, however, was accompanied by increased fitness. 
In the comparable Fayouml L line, a similar response pattern 
over the first five generations was found. Relative fitness 
declined from approximately.90 per cent to 55 per cent over 
a change in relative egg weight of approximately ten per cent. 
Table 14 gives the average proportion of variation of the 
fitness index attributable to each one of the four components 
entering into this index. The hen to hen variation in each 
fitness trait and in the fitness index was computed for 
each line within each generation on the logarithms of the 
observed values. The amount of variation associated with 
each trait was then expressed as a percentage of the variation 
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in the fitness index. The average percentage values for 
the Leghorn lines are based on seven years' data while 
those for the Fayoumi lines are based on six. 
Table 14. Percentage of variation in fitness index contributed 
by the four components of this index 
Fitness components Survival 
Line Egg production Fertility Hatchability (offspring) 
Leghorn 
A 24.3 38.2 20.2 12.6 
B 40.1 26.9 34.7 7.5 
C 45.6 8.2 21.7 16.1 
D 25.9 20.9 26.3 15.6 
E 36.6 27.4 14.0 16.0 
All 34.5 24.3 23.4 13.6 
Fayoumi 
J 26.9 24.2 27.5 8.3 
K 45.2 • 28.3 24.8 5.8 
L 33.6 37.7 29.7 9.4 
All 35.2 30.1 27.3 7.8 
Hen to hen variation in egg production contributed 
nearly half of the variation of the fitness index in the 
body weight lines. These lines declined most in egg produc­
tion from selection for body weight (Figure 3). Variations 
in fertility and hatchability accounted for roughly 20 to 30 
per cent of the total variation of the fitness index. The 
low contribution of fertility in the C line and of hatch-
ability in the E line to fitness variance was not surprising 
since these lines remained high in fertility and hatchability, 
respectively. Offspring survival did not account for more 
than 16 per cent of the variation in any line. Offspring 
survival which was highest in the B line contributed least 
to the total variation in fitness in this line. As pointed 
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out previously, offspring survival could be measured only 
over a short life span which accounted for its rather limited 
contribution to the fitness index. 
The average correlations of each one of the four fit­
ness components with the fitness index by lines are presented 
in Table 15. An average correlation was also obtained for 
each breed and 95 per cent confidence intervals were ob­
tained for these coefficients (Snedecor, 1956). 
Table 15. Average correlations of fitness components with 
fitness index 
Fitness components Survival 
Leghorn 
A .57 .62 .52 .23 
3 .58 .46 .54 .20 
C .74 .43 . 54 .30 
D .57 .54 .65 .37 
E .62 .52 .46 .35 
A11& .53 < .60 <.65 .47<.55<.61 .47<.54<.60 .19^.274.36 
Fayoumi 
J .58 .54 . 66 .26 
K .63 .58 .50 .06 
L a .44 .66 .50 .21 
All aô< .55 < .63 .49<.53<.65 .50<.59<.66 .084.204.31 
The correlations between the fitness index and the 
three traits egg production, fertility, and hatchability 
were all of similar magnitude, usually being above .50. 
These correlations were not significantly different from 
each other since the 95 per cent confidence intervals of 
the average correlations overlapped considerably. However, 
the correlations between fitness index and offspring survival 
were significantly different from the other correlations 
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involving production, fertility and hatchabillty. This 
indicates again that offspring survival was least important 
in determining fitness index. 
The results obtained from the analysis of the fitness 
index can be summarized as follows: Selection for either 
body weight or egg weight significantly decreased reproduc­
tive fitness. The up lines were considerably lower in 
fitness than the down lines in the first five generations 
of selection but fitness in all four selected Leghorn lines 
was very similar in generation six. The Fayoumi lines 
declined in fitness index at a faster rate than the Leg­
horn lines. The high body Fayoumi line K has had the most 
serious decline in fitness and little or no selection 
has been possible in this line after generation five. Of 
the four different components of the fitness index, off­
spring survival contributed least to the variance in the 
index. 
Correlations between fitness components The cor­
relations between the four fitness components egg pro­
duction, fertility, hatchability, and offspring survival 
were computed for each line within each generation and 
the averages of these over the generation are given in 
Table 16. 
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Table 16. Average correlations between fitness components; 
egg production (P), fertility (P), hatchability 
(H), offspring survival (3) 
Leghorn Fayoumi 
Component Line F h S Line F K S 
p A .073 .132 -.023 J .053 .067 -.022 
B -.058 .005 -.014 K .043 -.041 -.120 
C .097 .100 -.055 
D . .043 .097 .051 L • -.017 -.161 -.057 
E .004 .150 -.051 
All .032 .097 .018 All .026 .045 -.067 
p A .072 -.095 J .118 -.049 
B .013 -.031 K .133 -.090 
C .209 .043 
D .233 -.101 L .170 -.062 
E .110 .003 
All .127 -.036 All .140 -.067 
K A -.012 J .061 
B -.045 K -.074 
C -.078 
D .058 L -.032 
E .019 
All -.011 All -.015 
All of the average correlations between the four fit­
ness components were small. Most of the highest correlations 
were between fertility and hatchability. The correlations 
were similar within each breed except for the correlation 
between egg production and hatchability which was positive 
in the Leghorn but negative in the Fayoumi breed. The 
correlations involving offspring survival were mostly negative, 
while those among the other three traits were usually positive. 
The individual correlations within line and generation 
are given in Table 54 (Appendix). Under the hypothesis 
that these correlations are zero, an approximately normal 
distribution can be assumed for these statistics (bnedecor, 
1956) and therefore a factorial analysis of this set of 
data would be valid. The factorial analysis presented in 
Table 1? Is essentially of the same form as those presented 
before, e.£. Table 13, except that a third factor was added 
to take account of the six different correlations considered. 
For convenience, the correlation between any two traits is 
represented as the combination of the corresponding symbols 
used for these traits; _e.?. PR stands for txie correlation 
between egg production and hatchability. Only three of the 
five possible orthogonal comparisons among the six cor­
relations were considered of interest and the sum of squares 
for the factor "Correlations" was broken down into tnese 
three contrasts. 
la tiie Leghorn lines, the correlations between txie 
three traits egg production, fertility, and hatchability 
were significantly greater than the correlations of these 
tliree traits with offspring survival. The correlations be­
tween fertility and hatchability were significantly higher 
than the correlations of these two traits with egg production. 
The correlations between fertility and hatchability actually 
were slightly higher in the later generations (Table 55, 
Appendix). Positive correlations between fertility and hatch-
ability might result from lack of Identification of early em­
bryonic deaths (Taylor, 1949) since it is reasonable to assume 
that the correlation between early and late deaths is positive. 
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Table 17. Factorial analysis of correlations between the four 
fitness components egg production (P), fertility 
(F), hatchablllty (H), offspring survival (S) 
Source of variation 
Leghc 
d.f. M .S. 
Leghorn Fayoumi )rri Fayouml Leghorn fayouml 
Lines % 2 .046ti .oW* 
A vs.(B+C+D+E) J vs.(K+L) 1 1 .0027 .0973* 
(B+D) vs.(C+E) 1 .0264 
B vs.D K vs.L 1 1 .1543** .0001 
C vs.E 1 .0039 
Correlations 5 5 .1567** .1129** 
(PH+PF+Fh ) vs . (hS+FS+PS ) 1 1 .6042** .0444 
(PF+PH) vs.FK 1 1 .0935* .2683** 
PH vs.PF 1 1 .0739 .0456 
Lines x Correlations 20 10 .0243 .0176 
Generations 6 5 .0455 .0186 
Linear 1 1 .0931 .0152 
Quadratic 1 1 .0062 .0437 
Lines X Generations 24 10 
Lines X Linear 4 2 .0321 .0150 
A vs.(B+C+D+E) J vs.(ir+L) 1 1 .0000 . 0081 
(B+D) vs.(C+S) 1 .0946* 
B vs.D ^ vs.L 1 1 .0327 .0210 
C vs.E 1 .0010 
Correlations x Generations 30 25 
Correlations x Linear 5 5 .0326 .0164 
(PH+PF+Fh) vs.(FS+KS+PS) 1 1 .0663 .0266 
(PK+PF) vs.FK 1 1 .0670* .0106 . 
PH vs.PF 1 1 .0025 .0006 
Error 165 70 .0220 .0152 
Total 209 107 
^Significant at the 5;^ level. 
**Slgnlflcant at the 1^ level. 
In order to study possible linear trends over generations 
in the correlations between fitness traits, linear regression 
coefficients were computed for the six correlations. The 
sum of squares for the interactions between the different cor­
relations and their linear regression coefficients was broken 
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down into the same set of orthogonal comparisons as the sum 
of squares for "Correlations." The significant mean square 
for the interaction contrast (Ph+PF) vs.FH indicates that the 
rate of increase in the correlation between fertility and 
hatchability was significant when compared to the rate of 
change of the correlation between egg production and either 
fertility or hatchability (Table 54, Appendix). 
.-Relationship between fitness and metric traits 
The linear regression coefficients of fitness index or 
hatchability on body weight and egg weight, respectively, 
were computed on an individual hen basis within lines and 
generation. Multiple regression coefficients on body weight 
and egg weight were also obtained. Since only the selected 
breeders were available for these regression analyses, 
second degree polynomials were not fitted because of the 
extremely narrow range of the independent variables body 
weight and egg weight. 
Linear regression of fitness index on metric traits 
Average linear regression coefficients of fitness index on 
body weight obtained from seven years' data in the Leghorn 
and six years' data in the Fayoumi lines, respectively, are 
presented in Table 18. The individual regression coefficients 
are given in Table 56 (Appendix). In order to study linear 
trends in these coefficients over successive generations, 
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their rate of change per generation was estimated. These 
estimates were obtained from the linear regression on genera 
tion of the coefficients and are given in Table 16. 




on Change per on Change per 
Line body weight generation Line body weight generation 






J -1.984 -1.020 
B -4.770 2.259 K -1.008 -1.029 
C 11.527 2.103 
D -.745 -.468 L -1.639 .125 
E 5.033 .779 
All 1.474 .915 All -1.543 -. 641 
A positive linear relationship between fitness index 
and body weight was found in the low Leghorn lines while 
this relationship was negative in all the other lines. The 
Leghorn lines directly selected for body weight showed 
considerably larger'coefficients than the comparable lines 
selected for egg weight, indicating that body weight was more 
important to fitness in the body weight lines than in the 
egg weight lines. The high egg weight line D differed only 
little from the A line control in its linear regression co­
efficient while the low egg weight line E differed considerably 
from the control. This could be explained by the relatively 
small correlated changes in body weight in the D line as 
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compared to the large direct changes In the B line; the 
correlated changes In the £ line followed the direct 
changes In the C line much more closely (Figure 1). 
The high body Fayouml line K showed the smallest 
regression coefficient for fitness on body weight. The 
weak relationship between these two traits as compared 
to the Fayouml control line J and high egg line L suggests 
that factors other than extreme body weight must account 
for the drastic decline In fitness In this line. 
A factorial analysis on the linear regression co­
efficients was carried out since the sampling distri­
bution of these is normal. The results of this analysis 
are presented in Table 19. The differences between the 
linear regression coefficients of the high and low Leghorn 
lines, pointed out previously, were highly significant as 
shown by the mean square for the appropriate contrast. 
No significant linear changes in the regression coefficients 
of fitness on body weight could be detected during the 
generations considered since none of the lines x linear 
interaction mean squares were statistically significant. 
Table 19. Factorial analysis of linear regression coefficients 
of fitness index on body weight. 
Source of variation d.f. M.S. 
Leghorn " "Fayouml Leghorn Fayouml Leghorn Fayouml 
Lines 4 2 322.82** 1.47 
AV6.(B+C+D+E) JVS.(K+L) 1 1 41.14 1.74 
**Slgnlficant at the Iji level. 
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Table 19. (Continued) 
Source of variation d. f. H. S. 
Leghorn Fayouml Leghorn Fayouml Leghorn Fayouml 
(B+D)vs. (C+E) 1 1098.74** 
Bvs.D Kvs .L 1 1 3.81 1.20 
CVS .E 1 147.57 
Generations 6 5 45.39 11.93 
Linear 1 1 117.15 21.60 
Quadratic 1 1 11.00 15.55 
Lines X Generations 24 10 
Lines X Linear 4 2 43.22 7.72 
Avs. (3+C+D+E) Jvs.(K+L) 1 1 35.68 3.76 
(B+D)vs.(C+E) 1 8.34 
Bvs .D Kvs.L 1 1 104.11 11.67 
CVS .£ 1 24.56 
Error 20 8 45.69 14.44 
Total 34 17 
** Significant at the 1^ level. 
Table 20 shows the averages for the linear regression 
coefficients of fitness index on egg weight together with 
the rate of change of these coefficients over successive 
generations. The Individual data for all generations are 
given In Table 57 (Appendix). 
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on Change per on Change per 
Line egg weight generation Line egg weight generation 
A -.120 -.024 J -.156 -.031 
B -.394 .005 K -.024 -.186 
G .775 .451 
D -.543 .099 L -.712 .093 
E .947 -.233 
All .133 .060 All -.297 -.041 
The results for the regression of fitness index on 
egg weight for the Leghorn lines were consistent with the 
results obtained for body weight as the Independent variable 
(Table 19): the regressions on egg weight were larger 
in the lines selected directly for egg weight than those 
in the lines selected for body weight; positive coefficients 
were observed for the low lines while negative coefficients 
were observed for the high lines. The difference between 
the regression coefficients for the high and low lines were 
statistically significant (Table 21). While the regression 
coefficients in the C line tended to increase over successive 
generations those of the S line tended to decrease and the 
difference between these trends was significant as shown by 
the lines x linear interaction mean square comparison of 
these two lines. 
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Table 21. Factorial analysis of linear regression co­
efficients of fitness index on egg weight 
Source of variation d.f. I-i.S. 
Leghorn Fayoumi Leghorn Fayouml Leghorn Fayouml 
Lines 4 2 
A vs.(B+C+D+E) J vs .(K+L) 1 1 .56 .19 
(3+D) vs.(C+Z) 1 12.30*# 
3 vs.D K vs .L 1 1 . Oo 1.42* 
C vs.a 1 .10 
Generations 5 1.02 .19 
Linear 1 1 .50 • C? 
Quadratic 1 1 2.63 .05 
Lines x Generations 24 10 
Lineo X Linear 4 2 
A vs.(3+C+D+E) J vs .(1+L) 1 1 .24 .00 
(3+D) vs.(C+£) 1 .09 
B vs.D i[ vs .L 1 1 .12 . 6 0  
C vs.E 1 6.55* 
Error 20 d 1.17 . 16 
Total 34 17 
^Significant at the 5/o level. 
The regression of fitness index on egg weight from the 
Fayoumi data were in agreement with the Leghorn data; the 
regression coefficient in the L Fayoumi line was significantly 
larger than in the % line. This was expected since the L 
line was selected for egg weight while the K line was selected 
for body weight. 
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In order to evaluate the relative Importance of body 
weight and egg weight as predictors of fitness the partial 
regression coefficients of the multiple regression of fitness 
Index on body weight and egg weight were standardized (Snedecor, 
I95Ô). The averages of the standardized partial coefficients 
are presented In Table 22 together with their rate of change 
over generations. The original partial regression coefficients 
(not standardized) are given in Table 58 (Appendix). 
Table 22. Average standardized partial regression coefficients 















A .005 -.019 -.012 -.004 
3 -.051 .127 -.129 -.005 
C .118 .014 .053 .025 
D -.123 ^.025 -.092 .271 
£ .059 .012 .080 - . 005 
All .012 .019 -.140 .006 
Fayoumi 
J -.039 -.021 -.036 -.006 
K -.067 -.003 -.011 -.039 
L -.037 .007 -.124 .007 
All -.047 -.006 -.050 -.013 
In the Leghorn lines, the A line control showed the 
smallest coefficients. The relationship between fitness 
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index and the trait under direct selection in the low Leghorn 
and in the Fayouml lines was stronger than the relationship 
with the other trait; i^e. in the body weight lines the 
partial regression on body weight was higher while in the 
egg weight lines the partial regression on egg weight was 
higher. This, however, was not observed for the high Leghorn 
lines. 
A factorial analysis similar to the previous analysis 
(Table 17) was performed on the standardized partial regres­
sion coefficients. A third factor was added for the two 
different partial regression coefficients in order to dis­
cover differences between the influence of body weight and 
egg weight on the fitness index. The only significant 
differences detected (Table 23) were those between the co­
efficients of the high and low Leghorn lines. Those in 
the high lines were negative while those in the low lines 
were positive. The regressions of fitness index on body 
weight were not significantly different from those on 
egg weight in any of the lines as indicated from the lines 
X regression interaction mean square. 
The relationship of fitness index to body weight or to 
egg weight did not change during the course of selection 
(Table 23). However, initial separation of the base population 
into breeding stocks for high and low body weight and egg 
weight lines resulted in negative linear regression coefficients 
of fitness index on these metric traits in the high lines 
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and in positive coefficients in the low lines. Differences 
in the signs of the regression coefficients persisted 
throughout the generations of selection with occasional 
exceptions, which are presumed to be chance events. Usually, 
the regression coefficients of fitness index on body weight 
were higher in the lines directly selected for body weight, 
while the regression coefficients on egg weight were higher 
in the lines directly selected for egg weight. 
Table 23. Factorial analysis of multiple linear regression 
coefficients of fitness index on body weight and 
egg weight 
Source of variation d.f. 
Leghorn Fayoumi Leghorn Fayoumi 
M.S. 
Leghorn Fayoumi 
Lines 4 2 .1098 .0094 
Â VS . (B+C+D+iC) J vs .(K+L) 1 1 .0005 .0022 
(B+D) vs.(C+Z) 1 .4347** 
B vs.D K vs .L 1 1 .0021 .0166 
C vs .E 1 .0018 
Regressions 1 1 .0083 .0001 
Lines X Regressions 4 2 .0085 .0204 
Generations 6 5 .0388 .0128 
Linear 1 1 .0453 .0090 
Quadratic 1 1 .1024 .0217 
Lines X Generations 24 10 
Lines X Linear 4 2 .0484 .0072 
A vs.(B+C+D+E) J vs .(K+L) 1 1 .0404 .0010 
**Signlficant at the level. 
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Table 23. (Continued) 
Source of variation d.f. I-l.5 
LeS^orn FayoimT Leghorn Fayouml Leghorn Fayouml 
(B+D) vs.(C+E) 1 .0333 
B vs.D % vs.L 1 1 .0999 .0133 
C vs .E 1 .0199 
Regressions x Generations 6 5 
.degressions x Linear 1 1 .0109 .0013 
Error 49 22 .0335 .0123 
Total 69 35 
Linear regression of hatchablllty on metric traits 
Regression analyses on body weight and egg weight were per­
formed similarly using hatchablllty In place of the fitness 
Index as the dependent variable. The corresponding average 
linear regression coefficients and the rate of change per 
generation are presented in Table 24 with the individual 
values being given in Table 59 (Appendix). 
Table 24. Average regression of hatchablllty on body weight 
Leghorn Fayouml 
Regression on Change per .degression on Change per 
A .374 .967 J -1.180 .270 
B -2.962 1.502 Iv -5.774 1.013 
C 11.648 3.201 
D -1.632 -.551 L -1.676 .896 
3.260 2.234 
All 2.337 1.357 All -2.876 .726 
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Table 25. (Continued) 
Source of variation d. f. M.S. 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoumi 
(B+D) vs.(C+E) 1 122.57* 
B vs.D % vs.L 1 1 77.49 .12 
C vs.E 1 13.09 
Error 20 3 28.73 14.28 
Total 34 17 
J-CctiX O (ab blxis 'z>/0 
Table 26 shows the linear regression coefficients of hatch-
ability on egg weight averaged over all generations. The 
individual coefficients are given in Table 60. (Appendix). 
Table 26. Average regression of hatchability on egg weight 
Leghorn 
degression 
on Change per 
Fayoumi 
degression 
on Change per 
A -.293 .053 J -.212 .044 
• B -.816 .080 K -.230 -.158 
C 1.055 .483 
D -.804 -.025 L -.735 -.121 
E .882 -.239 
All .023 .070 All -.392 -.078 
In agreement with the previous results (Tables 18, 20, 
24), the linear regression coefficients were positive in 
the low lines but negative in the high lines. This difference 
between the high and low lines was highly significant as 
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The results are similar to those for the regression 
of fitness index on body weight (Table 18). The linear regres­
sions of hatchability on body weight were significantly 
different in the high Leghorn lines compared to the low Leg­
horn lines; they were negative in the former but positive 
in the latter. Again, the regression coefficients were higher 
in the lines selected for body weight (B, C, and K line) 
than in those selected for egg weight. The regression co­
efficients increased significantly as selection progressed 
in the low Leghorn lines which indicates that the influence 
of body weight on hatchability became greater. 
Table 25. Factorial analysis of linear regression coefficients 
of hatchability on body weight 
Source of variation d.f. M.S. 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoum] 
Lines 4 2 241.63** 38.15 
A vs.(B+C+D+E) J vs.(K+L) 1 1 33.74 25.91 
(B+D) vs.(C+E) 1 735.57** 
B vs.D K vs .L 1 1 6.20 50.38 
C vs.E 1 191.02** 
Generations 6 5 57.76 15.67 
Linear 1 1 257.80** 27.71 
Quadratic 1 1 76.54 26.59 
Lines X Generations 24 10 
Lines x Linear 4 2 67.14 2.79 
A vs.(B+C+D+E) J vs.(K+L) 1 1 55.41 5.46 
^^Significant at the 1% level. 
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shown in the factorial analysis In Table 27. The difference 
between the coefficients for the egg weight and body weight 
Leghorn lines were small. The body weight lines tended to 
have slightly larger coefficients which was rather unexpected 
in view of the previous results (Table 20). The regression 
coefficients of hatchability on egg weight in the Fayoumi 
lines were similar to the regression coefficients of fitness 
index on egg weight (Table 20): the egg weight line L had 
the largest coefficient while the body weight line K differed 
only little from the J line control. 
Table 27. Factorial analysis of linear regression coefficients 
of hatchability on egg weight 
Source of variation L 
Leghorn 
i l  
Fayoumi 
w. S.  
Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 5.76** .53 
A vs.(B+C+D+E) J vs.(K+L) 1 1 .78 .29 
(B+D) vs.(C+£) 1 22.14** 
B vs .D K vs .L 1 1 .00 .76 




Generations 6 5 
C\J f—1 
.44 
Linear 1 1 .70 .32 
Quadratic 1 1 
CO 
.00 
Lines X Generations 24 10 
Lines X Linear 4 2 1.93 .20 
A vs.(B+C+D+E) J vs.(K+L) 1 1 .01 .40 
(B+D) vs.(C+E) 1 .25 
•^^Significant at the 1/ level. 
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Table 27. (Continued) 
source of variation d.f. M. ,S. 
Leghorn Fayouinl Leghorn Fayouai Leghorn Fayouai 
B vs.D K vs.L 1 1 .15 .01 
C vs .Il  1 7.29* 




Total 34 17 
*ôlgnlflcant at the o-fo level. 
Although the rate of change per generation of these 
regression coefficients was not significant in any one line, 
the difference in rate of change between tlie low body line 
C and the low egg weight line E was significant at the five 
per cent level. 
The standardized partial regression coefficients of 
hatchabllity on body weight and egg weight averaged over 
seven and six generations for tne Leghorn and Fayourn1 lines, 
respectively, are presented in Table 26. The partial regres­
sion coefficients (not standardized) for the individual 
generations are given in Table 61 (Appendix). 
Table 28. Average standardized partial regression co­
efficients of hatchabllity on body weight and 
egg weight 
Body weight Egg weight 
Regression Change per Regression Change per 
Line ooefflclent generation coefficient generation 
Leghorn 
A .054 -.010 -.110 .021 
B -.029 .054 -.212 .017 
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C .173 .029 .099 .032 
D -.048 -.031 -.134 .012 
E .042 .028 .096 -.013 
All .039 .014 -.052 .014 
Fayoumi 
J -.015 -.011 -.054 .012 
K -.111 .012 -.048 -.039 
L -.031 .035 -.115 -.038 
All -.052 .012 -.072 -.022 
The differences between the high and low Leghorn lines 
were again highly significant (Table 29). The partial 
regression coefficients were negative in the high lines 
but positive in the low lines. In agreement with the results 
from the same analysis for the fitness index (Table 22), 
the absolute values of the partial regression coefficients 
for body weight were higher than those for egg weight in the 
body weight lines, except for the B line, while the partial 
coefficients for egg weight were higher in the lines selected 
for egg weight. This suggests a stronger relationship of 
hatchability to the trait changed by direct selection than to 
the trait changed as a correlated response. This was also 
observed in the Fayoumi lines. Both the A and J line controls 
had higher partial regression coefficients for egg weight 
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than for body weight. In both lines, this coefficient was 
negative. Indicating that smaller eggs hatch better In these 
lines than larger eggs. 
Table 29. Factorial analysis of multiple linear regression 
coefficients of hatchablllty on body weight and 
egg weight 
Source of variation d.f. ' î-î.S. 
Leghorn Fayoumi Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 .1632 .0072 
A vs.(B+C+D+E) J vs.(K+L) 1 1 .0070 .0142 
(B+D) vs.(C+E) 1 .6076** 
.3 vs.D K vs .L 1 1 .0062 .0002 
G vs.E 1 .0313 
Regressions 1 1 .1445* .0036 
Lines x .Regressions l 2 .0306 .0170 
Generations 6 5 .0251 .0165 
Linear 1 1 .0542 .0024 
Quadratic 1 1 .0650 .0150 
Lines X Generations 24 10 
Lines X Linear 4 2 .0194 .0019 
A vs.(B+C+D+E) J vs.(K+L) 1 1 .0050 .0014 
(B+D) vs.(C+E) 1 .0019 
B vs .D K vs.L 1 1 .0558 .0024 
C vs.E 1 .0147 
Regressions x Generations 6 5 
Regressions x Linear 1 1 .0000 .0299 
Error 49 22 .0246 .0256 
Total 69 35 -
**Slsnifleant at the Ijo level. 
•"•Significant at the 5)^ level. 
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The difference between the two partial regression co­
efficients was significant when all the Leghorn lines were 
combined; the coefficient was positive for body weight 
but negative for egg weight. However, none of the 
differences within the individual lines were statistically 
significant. 
Linear regression of hatchability on hatching egg 
weight The results from the 1963 hatching season (sixth 
generation of selection) demonstrated the same linear 
relationships between hatchability and weight of hatching 
eggs (Table 30) as between hatchability and egg weight at 
nine months of age (Table 26). The regression coefficients 
were computed from the hatchability of seven to eight three-
gram egg weight classes in each line. The mean hatching 
egg weight, the number of fertile eggs, total per cent 
hatchability and the linear regression coefficients are 
given in Table 30. 
Table 30. Linear regression of hatchability on weight of 
hatching eggs 
Number Mean hatching per cent Linear 
Line fertile eggs egg weight (grams) hatchability regression 
Leghorn 
88.4 A 1911 54.8 .071 
B 1044 66.0 72.5 -.651 
C 987 49.4 78.2 .450 
D 1053 70.5 69.6 -1.432* 
Z 871 43.6 80.5 2.763** 
All 5866 . 57.0 79.3 -.428 
Payouml 
J 365 43.9 89.3 1.344* 
K 679 51.7 63.2 -1.200 
L 1024 55.2 73.9 -1.367** 
* Significant at the 5J6 level 
** Significant at the \% level 
As expected from the previous results (Table 26), the 
regression coefficients were positive for the low lines but 
negative for the high lines. The regression coefficients 
were statistically significant for all the egg weight lines 
(D, E, and L line) but not for the body weight lines (3, C, 
and K line). The significant positive regression coefficient 
of the J line control was in sharp disagreement with the 
coefficient of the corresponding Leghorn control line A. 
However, the results of the J line were based on only one 
hatch in comparison to three for the other lines. 
The relationship between hatchability and hatching egg 
weight is shown in Figures 15-19. For the A line control 
(Figure 15), a wide range of optimum egg weight for hatch-
ability demonstrates that intermediate sized eggs hatched 
best. In contrast, small eggs hatched best in the high 
body line B and the high egg line D while large eggs hatched 
best in the low body line C and the low egg line E (Figures 
16 and 17). Similar trends in the high Fayoumi lines show 
that small eggs hatched best in both the high body line K 
and the high egg line L. 
The regression of hatchability on body weight or egg 
weight leads to the same general conclusions as that from 
the comparable data using fitness index as the dependent 
variable. iMo significant changes occurred in the regression 
coefficients, but the differences observed in generation zero 
88 






















1 I  
Figure 15. 
-9 -6 -3 X +3 +6 +9 +12 
DEVIATIONS FROM MEAN EGG WT. (X)  
Relationship between hatchability and hatching 
egg weight in the Leghorn control line A 
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Figure 16. Relationship between hatchabllity and hatching 
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Figure 17. Relationship between hatchability and hatching 
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Relationship between liatchablllty and hatching 
egg weight in the Fayoumi control line J 
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Figure 19. Relationship between hatchablllty and hatching 
egg weight In the body weight Fayouml line K 
and the egg weight Fayouml line L 
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persisted; l^e. the regression coefficients of hatchablllty 
on either body weight or egg weight were negative in the 
high lines but positive in the low lines. The linear 
regression coefficients for hatchablllty on body weight 
were higher in the body weight lines than in the.egg weight 
lines. In the Leghorn lines, the average regression of 
hatchablllty on egg weight at nine months of age was no 
larger in the egg weight lines than in the body weight lines. 
In the Fayouml lines, however, the regression of hatchablllty 
on nine month egg weight was larger in the egg weight line 
than in the body weight line. The results from the sixth 
generation of selection showed a stronger regression of 
hatchablllty on weight of hatching eggs in the egg weight 
lines than in the body weight lines of both breeds. Similarly 
to the regressions on nine month egg weight, the regressions 
on hatching egg weight were negative in the high lines but 
positive in the low lines. 
Changes in Intensity of natural selection 
The intensity of natural selection against extreme body 
or egg weights was measured in terms of differential adult 
survival and realized selection differentials. 
Differential adult survival The adult survival 
values were measured as the percentage of the hens which 
survived during the entire test period from housing to 
disposal time. The relative survival values (i.e. corrected 
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for the A and J line control) are presented in Table 31 
while the uncorrected data are in Table 62 (Appendix). 
Table 31. Relative per cent adult survival 
Generation Linear 
Line Mean 1 2 3 4 5 6 regression 
Leghorn 
B 100.6 110.4 106 .1 94 .5 105.1 96 .0 92 .3 -1 .81 
C 92.3 91.2 108 .7 84 .0 79.3 91 .5 91 .5 -1 .94 
D 94.6 97.2 105 .4 79 .2 92.2 97 .7 90 .8 -1 .42 
E 98.7 97.0 103 .9 89 .6 93.7 102 .3 104 .4 .49 
All 96.0 99.0 106 .0 86 .8 92.6 96 .9 94 .8 -1 .19 
lyoumi 
K 98.4 100.4 97 .4 100 .6 99.2 92 .6 -1 .04 
L 98.3 100.7 97 .3 97 .9 97.7 96 .2 - .78 
All 96.3 100.5 97 .3 99 .3 98.4 94 .5 - .91 
Since these values were based on the total populations 
rather than on the selected breeders alone, the relative 
survival for all lines was 100 per cent for generation 
zero. a factorial analysis on the uncorrected survival 
values is presented in Table 32. Survival in the low body 
line C was significantly lower than that in the low egg 
line E. The difference between the average of the selected 
lines and the corresponding control was not significant for 
the Leghorns but was significant for the Fayoumis. This 
difference in level of significance seems to be due to 
the larger variation in the Leghorns as compared to the 
Fayoumis. The overall decline of survival in the Fayoumi 
lines was statistically significant. 
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Table 32. Factorial analysis of per cent adult survival 
Source of variation d. f. M^S. 
Leghorn Fayoum; Leghorn Fayoumi Leghorn Fayoumi 
Lines 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 49.68 9.40* 
(B+D) vs.(C+S) 1 , 22.68 
B vs.D K vs .L 1 1 88.00 .03 
C vs .E 1 102.60* 
Generations 6 5 28,53 5.03 
Linear 1 1 27.45 10.79* 
Quadratic 1 1 .08 2.66 
Lines X Generations 24 10 
Lines X Linear 4 2 
A vs.(B+C+D+E) J vs.(K+L) 1 1 21.61 8.51 
(B+D) vs.(C+E) 1 15.01 
B vs.D K vs .L 1 1 1.75 .61 
C vs .E 1 57.01 
Error 20 8 20.94 . 1.74 
Total 34 17 
* Significant at the 5% level. 
The intensity of natural selection against extreme 
phenotypes within each line could be measured by the amount 
of reduction in variation of a metric trait resulting from 
differential mortality. Elimination of extremes would 
result in reduced variance. The reduction in variation was 
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measured on the logarithmic scale: 
I = Ints^) - Infsg) (Haldane, 1954) 
where, 
I = intensity of natural selection 
s^ = standard deviation of metric trait in total 
population 
Sg = standard deviation of metric trait in 
surviving population 
The average values of (multiplied by 100) for body 
weight and egg weight are given in Table 33. Linear regres­
sion coefficients of the individual values on generations 
are in the same table. The differences between mean body 
weight or egg weight of the total population and the 
surviving population were computed for each generation 
in standard deviation units. The cumulative differences 
over the seven generations of the Leghorn and six generations 
of the Fayoumi lines, respectively, are given in Table 33. 
Table 33. Average intensity of natural selection (I) 
Body weight Egg • weight 
Linear Cumulative Linear Cumulative 
Line I x 100 regression difference I X 100 regression difference 
Leghorn 
A 2.76 1.226 -.230 -.29 -.154 -.136 
B 5.94 .952 -.369 4.64 1.782 .012 
C 4.16 1.217 -.479 4.99 2.588 -.231 
D 5.19 1.436 -.339 2.00 -.398 .105 
E 3.78 .526 -.295 .21 .831 -.152 
All 4.36 1.072* -.342 2.31 .930 -.080 
Fayoumi 
J .45 -.292 -.035 -.23 .299 -.035 
K 2.05 -.414 -.019 -.80 .084 .001 
L 1.20 .762 .019 .46 .809 .000 
All 1.24 -.032 -.012 -.19 .397* -.011 
* Significant at the level. 
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The values for the intensity of natural selection 
varied greatly within all lines over the generations. From 
the factorial analysis in Table 34, the line differences 
were not significant although the intensity of natural 
selection tended to be greater in the selected lines than 
in the control lines. Although all I values were small, 
natural selection discriminated more against extreme body 
weights than extreme egg weights. The Intensity of natural 
selection against extreme body weights increased significantly 
in the Leghorn lines over the generations while selection 
against extreme egg weights increased significantly in the 
Fayoumi lines over successive generations (see Table 63, 
.Appendix for values in Individual generations). 
The negative cumulative differences for body weight 
indicate that the birds which died tended to be lighter 
than the surviving birds. This was true not only for the 
low lines but also for the high lines. However, these 
differences could be expected to be negative since sick 
birds 8re usually underweight. 
The cumulative differences for egg weight were positive 
In the high lines but negative In the low lines. This 
implies that in the high lines birds laying larger eggs 
died while the birds with small egg weights died in the low 
lines. 
It was not surprising that no statistically significant 
Table Factorial analysis of intensity of natural selection for body 
weight and egg weight 
M7S7 
Source of variation d.f. Body weight Egg weight 
Leghorn Pa you mi Leghorn Fayoumi LegEorn Fayoumi Leghorn Fayoutni 
Lines 2 10.73 3.84 41.74 1.12 
A va.(B+C+D+E) J va.(K+L) 1 1 22.61 5.49 58.94 .09 
(B+D) va.(C+E) 1 17.83 3.62 
B va.D K vs .L 1 1 1.99 2.20 24.47 2.15 
C va.E 1 .50 79.93 
Generations 6 5 54.83 1.53 34.26 2.92 
Linear 1 1 160.80* .05 121.04 8.28* 
Quadratic 1 1 137.39* .31 23.53 4.85 
Lines X Generations 
Lines X Linear il- 2 3.43 5.47 44.95 2.43 
A V8.(B+C+D+E) J vs.(K+L) 1 1 .84 1.77 41.08 .26 
(B+D) va.(C+E) 1 1 2.91 29.01 
B va.D K vs .L 1 1 3.28 9.17 66.52 4.60 
C va.E 1 1 6.69 43.19 
Error 20 8 23.59 2.98 34.22 1.15 
Total 17 
% Significant at the 5^ level. 
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differences in intensity of natural selection against 
extreme body weights or egg weights could be demonstrated 
for the various lines since mortality was usually between 
ten and 25 per cent. With these low mortality rates natural 
selection against extreme phenotypes would have to be highly 
intense in order to be of significance. More conclusive 
results on the intensity of natural selection could probably 
be obtained when the level of mortality would be raised to 
approximately 50 per cent by an appropriate stress treatment. 
In conclusion it appears that natural selection against 
extremes within lines was rather weak during the first seven 
or six generations of selection in the Leghorn and Fayoumi 
lines, respectively. Some significant differences in 
adult survival between lines could be detected in the 
Leghorn as well as in the Fayoumi lines: the low body line 
C was significantly lower in survival than the low egg line 
E while the selected Fayoumi lines were significantly lower 
than their control. 
Realized selection differentials The proportion of 
the expected selection differential (mean of selected popula­
tion minus mean of total population) actually realized was 
measured at various stages of reproduction from hatching to 
breeding age (taken as nine months). The realized selection 
differentials represented a weighted mean of each dam's 
deviations where the weights were ; 
number of eggs set 
100 
number of fertile eggs 
number of chicks hatched 
number of pullets housed 
number of pullets reaching breeding age 
Table 35 shows the cumulative selection differentials of the 
dams in terras of phenotypic standard deviations expected, 
assuming the same reproductive fitness for each dam. The 
average ratios of the realized selection differentials to 
the expected selection differentials are also given. Devia­
tions of this ratio from unity represent effects of natural 
selection. 
Table 35. Cumulative selection differentials in standard 
deviation units, ratio of realized to expected 
selection differentials weighted with eggs set 
(fi), fertile eggs (fg), chicks hatched (f^), 







Realized / Expected 
fg f3 ^5 
Leghorn 
B 5.80 .97 .96 .94 .94 .93 
C -5.59 .94 .93 .89 .86 .86 
D 6.41 .98 .98 .95 .94 .94 
E -6.34 .98 .97 .97 .94 .94 
Fayoumi 
K 4.68 .97 .96 .93 .91 .91 
L 6.38 1.00 .98 .96 .96 .96 
The low cumulative selection differential for the high 
body weight Fayoumi line K resulted from the extremely low 
fitness in generation five when female selection was entirely 
relaxed since the total female population was required to 
fill the breeding pens. 
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The average Intensities of natural selection during 
the reproductive cycle were weak as shown by the small 
deviations from unity in Table 35. The body weight lines 
usually had the smallest ratios. The low values for the 
low body line C indicate tliat the selected breeders with 
the lowest body weights produced fewer pullets surviving 
to breeding age than those of higher body weights. Evidently 
the smaller birds produced fewer eggs, the eggs had lower 
hatching power and chicks from these had slightly lower 
survival. 
Natural selection seems to have acted least through 
fertility and offspring survival. This is evident from the 
small changes in the ratios observed when f]_ is compared 
with fg and when f^^ is compared with f^ as the weighting 
factor. The ratios indicate that natural selection operated 
most through differential egg production and differential 
hatchability. 
Although larger deviations from unity of the above 
ratios might have been expected in view of the sizable linear 
regression coefficients of fitness index on body weight in 
the lines selected for this trait or on egg weight in the-
egg weight lines, the ratios found here agree fairly well 
with those reported in similar selection experiments. Using 
the number of offspring surviving to breeding age, Lerner (1958) 
,reported a ratio of .93 during the first five generations of 
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a selection experiment for increased shank length in chickens, 
while Falconer (I960) found ratios of .95 to .98 during the 
first 18 to 20 generations of selection for high and low 
body weight in mice. 
Effects of inbreeding 
The rate of Inbreeding per generation of each line was 
computed from the formula 
dF = 1 + 1 
"5% BnJ (Wright, 1931) 
Njn and are the numbers of sires and dams, respectively, 
which left progeny selected as breeders for the following 
generation. The rates of inbreeding per generation for 
each line are given in Table 36 together with the expected 
amount of inbreeding accumulated in the last generation. 
The effective number of sires and dams are given In Table 
64 (Appendix). 
Table 36. Hate of Inbreeding (per cent) 
Line 0 1 2 
Generations 
3 4 5 6 
Cumulative 
inbreeding 
Â 1.46 1.60 1 .48 1.01 1.07 1 .04 1 .42 9.08 
B 2.06 1.98 1 .98 1.99 1.86 1 .89 1 .83 13.59 
C 1.98 1.98 1 .92 1.89 2.16 1 .88 1 .97 13.78 
D 1.97 1.99 1 .94 1.93 1.88 1 .88 1 .89 13.48 
E 2.03 2.03 1 .81 1.93 1.88 1 .88 2 .12 13.68 
J 1.20 1.70 1 .27 1.12 1.11 1 .01 7.41 
K 1.97 1.89 1 .93 1.88 2.10 2 .04 11.81 
L 2.22 1.95 1 .90 1.88 1.82 1 .88 11.65 
The rate of inbreeding was small in all lines, amounting 
to approximately one to 1.5 per cent in the control lines and 
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approximately two per cent per generation in the selected 
lines. Since the inbreeding among the selected populations 
was practically the same, differences in fitness among these 
lines should not be accounted for by inbreeding. The average 
difference between the inbreeding coefficient of the selected 
Leghorn lines and the A line control was approximately .65 
per cent while the average difference between the Fayoumi 
lines and the J line control was approximately .72 per cent 
in each generation. 
If the regression of per cent egg production on per cent 
inbreeding is taken as -.43 (Stephenson, et , 1953), per 
cent egg production in all the selected Leghorn lines can be 
corrected for the difference in inbreeding with respect to 
the control line by a factor of .28, (.43 x .65) while the 
correction factor for the selected Fayoumi lines would be 
.31. Similarly, correction for hatchability is estimated as 
.24 per cent in the Leghorn lines and .2? per cent in the 
Fayoumi lines, using the regression coefficient of -.37 
for hatchability on per cent inbreeding (Blow and Glazener, 
1953). The magnitude of these corrections leads to the 
conclusion that inbreeding, due to restricted population 
size, is responsible for only a small portion of the observed 




3ufferlnp; capacity towards stress treatment during; embryonic 
development 
Prolonged pre-lncubatlon"storage and extreme egg weights 
were regarded as minor stress treatments for developing 
embryos while the chilling applied on the 16th day of Incuba­
tion was considered as a major stress treatment. The responses 
to stress treatments of the pure line and cross line embryos 
will be discussed separately first and comparisons between 
pure and cross line embryos will be made later. The following 
nomenclature will be used in the description of these experi­
ments; AA, 3B, etc. for the embryos from the pure line 
matlngs and BC, CB, etc. for the embryos from the cross line 
matlngs where the first letter refers to the line used as 
male parents while the second letter refers to that used as 
female parents. 
Buffering capacity of pure line embryos Table 37 
contains the percentage hatchabllity of ^  embryos for the 
various classes and subclasses considered. Although no 
significant chl-square values were obtained for the overall 
comparison of one week storage versus two week storage, eggs 
which were stored for only one week tended to hatch better. 
This difference in hatchabllity was statistically significant 
for the small and medium eggs when the data of the treated and 
untreated eggs were combined. The effect of egg size was of 
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Table 37. Experiment 1; influence of pre-incubation 
storage time, egg size, and chilling on the 














































































^Significant at the 5^ level. 
•^'••-•Signifleant at the 1^ level. 
^Chi-square test that tg/tl ^ 100 per cent. 
Chi-square test on differences between the three 
Q egg weight classes. 
Chi-square test on differences between storage time 
effect of corresponding classes. 
some importance for the fresher eggs (l^e. stored one week) 
where large eggs hatched significantly poorer than medium or 
small eggs. Low temperature exposure on the transfer day 
decreased hatchability significantly regardless of size or 
storage time. Eggs stored for two weeks, however were more 
sensitive to chilling as shown by the smaller tg/t^ values 
for this group. The tg/t^ values in this and all the 
following tables represent hatchability of chilled eggs 
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relative to the untreated control eggs within each group. 
Table 30a. Experiment 1; influence of pre-lncubation 
storage time, chilling, and egg size on the 















































































^significant at the 5;% ïëveï. 
^^Significant at the 1/6 level. 
^Chi-square test that to/t^ ^ 100 per cent. 
Chl-square test on differences between the three 
egg weight classes. 
^Chl-square test on differences between storage time 
effect of corresponding classes . 
The hatchability for the body weight line embryos are 
given in Table 38 a and b. For the high body line B, 
storage for two weeks caused a significant reduction in 
hatchability of large eggs. Although the differences were 
not significant statistically, it is interesting to note 
that small eggs tended to hatch slightly better whether or 
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Table 3db. Experiment 1: Influence of pre-lncubation 
storage time, chilling, and egg size on the 


























88.0 75.0 81.3 85.2*** 
















81.2 58.0 69.5 71.4*** 
















84.6 66.7**° 75.5**° 78.8*** 
Chi-square^ n.s. n.s. n.s. 
— — 
^Significant at the 5;^ level. 
•«•^Significant at the 1/6 level, 
Chi-square test that tg/t^ ^  100 per cent. 
Chi-square test on differences between the three 
egg weight classes. 
^Chi-square test on differences between storage time 
effect of corresponding classes. 
not they were chilled. Egg size influenced hatchability 
significantly in two week old eggs and this effect was also 
significant when the eggs from both storage groups were 
combined. Hatchability increased as egg size decreased 
which was expected in view of the negative regression 
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coefficient between hatciiablllty and hatching egg weight 
observed previously (Table 30). Chilling affected the 
medium sized eggs the most. When the data were pooled 
over all weight classes and storage time groups, chilling 
caused approximately the same reduction in hatchablllty 
of ^  embryos as of M embryos (Table 37). 
Prolonged storage was detrimental to the hatchablllty 
of low body line ÇC. embryos (Table 30b). This adverse 
effect was worsened through the chilling treatment. No 
significant Influence of egg size could be demonstrated in 
this line. Chilling depressed hatchablllty of small eggs 
considerably more than medium or large eggs and was generally 
more detrimental to eggs stored for two weeks prior to 
incubation. The overall reduction in liatchability from 
chilling was approximately the same as for the M and ^  
embryos. 
Pre-incubation storage for more than one week reduced 
hatchablllty significantly in the high egg weight line DD 
embryos (Table 39a). This effect was most pronounced in the 
chilled eggs. Egg size influenced hatchablllty significantly 
when the eggs had been under double stress treatment of 
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prolonged storage and chilling. Large eggs hatched signifi­
cantly poorer than either medium or small eggs as in the 
high body line B (Table 38a). Chilling reduced hatchability 
by nearly 50 per cent in the large eggs of the second storage 
group and by approximately 25 per cent in the small eggs of 
the same group. The overall effect of chilling was, however, 
considerably less in this line than in the body weight lines 
or ir. the A line control. 
Table 39a. Experiment 1; influence of pre-incubation storage 
time, chilling, and egg size on the hatchability 
of pure line ^  embryos 
Storage Treatment • 
time Weight ti to _ tg/ti 



































































•Significant at the 5^ level. 
Chl-square test on differences between the three 
.egg weight classes, 
Chi-square test that to/ti ^  100 per cent. 
°Chl-8quare test on differences between storage time 
effect of corresponding classes, 
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Table 39b. Experiment 1: influence of pre-incubation 
storage time, chilling, and egg size on the 













































































^^Significant at the i/o level. 
®'Chi-square test on differences between the three 
egg weight classes. 
Chi-square test on differences between storage 
time effect of corresponding classes . 
The data for the low egg weight line ^  presented in 
Table 39b indicate that large eggs in this line were most 
sensitive to increased length of pre-Incubation storage 
although hatchability in the other two weight classes was 
also reduced considerably upon prolonged storage. A statis­
tically significant egg size effect was observed only for 
the combined data of the first storage group where hatch-
ability decreased with decreasing egg size. The ^  embryos 
Ill 
appeared to be extremely .résistant to chilling during incuba­
tion, i.e. no statistically significant reductions in hatch-
ability could be detected. 
An analysis of variance for this experiment is presented 
in Table 40. As pointed out previously (page 29), the experi­
ment was analyzed as a split-split-split plot design. The 
significant line mean square indicates that the lines 
differed in hatchability. Storage time of two weeks de­
creased hatchability significantly when the data from all 
the pure lines were combined and likewise chilling caused a 
highly significant overall reduction in hatchability. 
These results suggest that buffering capacity against 
chilling was highest in the low egg weight line ^ embryos, 
and next highest in the high egg weight line DD embryos. 
The body weight lines and the A line control differed little 
in buffering capacity; all three lines were considerably 
less well buffered tiian the egg weight lines. A significant 
overall effect of egg weight was detected only in the high 
lines where large eggs hatched significantly poorer than 
medium or small eggs. Prolonged storage tended to decrease 
hatchability in all lines. This decline was significant in 
the egg weight lines and in the low body line C. With the 
exception of the ^ eggs, the eggs of the most extreme 
weight classes of each line were most affected by prolonged 
storage. 
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Table 40. Experiment 1; analysis of variance of hatch-
ability of pure line embryos under stress 
treatment 




L X R 
Split plots 
Storage time S 
S X L 
Error 
Split-split plots 
Weight classes W 
W X L 
W X S 
Error 
Split-split-split plots 
Chilling treatment T 
T X L 
T X S 
































** Significant at the 1^ level . 
* Significant at the 5> level . 
Buffering capacity of cross line embryos The pure 
line M embryos were included in this experiment as controls 
for the cross line embryos. Table 41 shows that prolonged 
pre-incubation storage reduced hatchablllty slightly in 
untreated eggs but not in chilled eggs. The three different 
egg weight classes differed little in hatchablllty and no 
statistically significant differences could be detected. 
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Except for the large eggs, those stored two weeks apparently 
were more resistant to chilling than those stored one week. 
This finding is in conflict with the results obtained in 
Experiment 1 (Table 37). Large and small eggs were more 
sensitive to chilling than medium sized eggs when the data 
for both storage groups were combined. Chilling reduced 
overall hatchabillty of the M embryos by approximately 
17 per cent which was statistically significant. 
Table 41. Experiment 2; Influence of pre-lncubation 
storage time, chilling, and egg size on the 
hatchabillty of pure line AA embryos 
Storage Treatment 
time Weight t 2 . T- t2/ti (weeks) class (none) (chll led) t (per cent) 
1 Large 92.3 76.3 84.4 82.7 
Medium 91.9 72.2 82.2 78.6** 
Small 89.7 64.9 77.6 72.3*** 
91.3 71.2 81.4 78.0*** 
Chl-square n.s. n.s. n.s. --
2 • Large 90.6 65.5 78.7 72.3** 
Medium 80.6 76.5 78.6 94.9 
Small 79.5 76.9 78.2 96.8 
83.2 73.5 78.5 88.4 
Chl-square n.s. n.s. n.s. — — 
Combined Large 91.6 71.6 81.9 78.3*** 
Medium 86.3 74.3 80.4 86.1 
Small 84.6 71.1 77.9 84.0** 
•K 87.4 72.3 80.0 82.7*** 
Chl-square n.s. n.s. n.s. --
^Significant at the 5^ level. 
^•«•Significant at the 1^ level. 
^Chl-square test that tp/t]_ 100 per cent . 
Chl-square test on differences between the three 
weight classes . 
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Table 42a. Experiment 2: influence of pre-incubation 
storage time, chilling, and egg size on the 
hatchabllity of cross line CB embryos 
Storage Treatment 
time Weight t^ tp _ tg/t^ 
(weeks ) class (none) (chilled) t (per cent) 
1 Large 79.0 91.2 84.7 115.5 
Medium 84.6 69.2 76.9 61.8 
Small 93.2 84.6 89.2 90.8 
Chi-square^ 
86.0 81.3 83.7 94.5 
•X" n.s. n.s. — 
2 Large 60.6 62.9 61.8 103.7 
I-edlum 71.1 57.1 64.4 80.4 
omall 85.7 83.8 84.7 97.7 
Chi-square^ 
72.6 68.2 . 70.4 93.9 
* n.s. — -
Combined Large 70.4 76. 73.6**B 109.1 
Medium 77.9 63.5 70.9 81.5 
Small 69.9 84.2 87.1 93.7 
79.74 rb 74,g*b 93.9 
Chi-square^ it -if — — 
*51gnlficant at the 5;o level. 
**Slgnifleant at the Iji level. 
^Chi-square test on differences between the tiiree 
egg weight classes. 
Chi-square test on differences between storage time 
effect of corresponding classes. 
Prolonged storage significantly reduced hatchabllity 
In CB embryos (Table 42a) from the combined data of the 
tiiree weight classes. A statistically significant egg 
size effect was observed for untreated eggs in storage group 
one and for both chilled and untreated eggs In storage group 
two. omall eggs usually hatched best, in agreement with 
the results obtained for ^ embryos (Table 38a). Chilling 
had no statistically significant detrimental effect on the 
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Table 42b. Experiment 2: influence of pre-incubation 
storage time, chilling, and egg size on the 
hatchability of cross line BC embryos 
Storage Treatment 
time Weight t^ tg _ 













86.0 67.0 76.7 77.9*** 
Chi-square^ n.s. * •îHr 
Large 81.0 50.0 65.1 61.6^^ 
Medium 90.5 52.6 72.5 56.2**a 














66.7 66.1 76.7 76.2*** 
Ghi-square n.s. n.s. n.s. 
^Significant at the 5^ level. 
^^Significant at the I/o level. 
Ghi-square test that tg/ti 100 per cent. 
Chi-square test on differences between the three 
weight classes. 
^Chi-square test on differences between storage time 
effect of corresponding classes. 
ioatchability of CB embryos. In fact, hatchability of large 
eggs which were chilled was better than of those which were 
not. 
The results for the reciprocal M cross embryos 
are presented in Table 42b. Prolonged storage had no 
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definite detrimental effect except in large eggs and 
hatchabllity even Increased significantly in small eggs 
upon prolonged storage. The Influence of egg size was in­
consistent; rather unexpectedly, large eggs in the first 
storage group hatched best; small eggs hatched best among 
the eggs stored for two weeks. Chilling reduced hatchabllity 
significantly in large and medium eggs but not in small 
eggs. 
If sex-linkage is neglected, ^ and CB embryos should 
have essentially the same genotype. Thus, the effect of 
egg s-ize on resistance to chilling could be evaluated by 
comparing the tg/t^ values between reciprocal crosses since 
eggs of widely different sizes containing similar genotypes 
were compared. From the above results (Tables 42a and b) 
it appears that large eggs were more resistant to chilling 
in cross bred embryos of the body weight lines, embryos in 
the large 3 eggs were not affected significantly while 
embryos in the small G eggs declined significantly In hatch-
ability when chilled. 
Although untreated ^ embryos hatched slightly better 
when stored for only one week, chilled embryos hatched 
significantly better from eggs stored for two weeks (Table 
43a). Egg size was not an Important factor for hatchabllity 
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of these embryos. Chilling reduced hatchability by nearly 
50 per cent in the first storage group but by only about 
16 per cent in the second storage group. This large 
difference in sensitivity towards chilling between the two 
storage groups probably accounted for the statistically 
significant higher hatchability of chilled eggs stored for 
two weeks compared to those stored for one week. 
Table 43a. Experiment 2; influence of pre-incubation 
storage time, chilling, and egg size on the 
















































































^Significant at the 5^ level. 
^Chi-square test that tg/ti ^ 100 per cent. 
Chi-square test on differences between the three 
^egg weight classes. 
Chi-square test on differences between storage 
time effect of corresponding classes* 
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Table 45b. Experiment 2: Influence of pre-incubation 
storage time, chilling, and egg size on the 
















































































**aignlficant at the 1/à level. 
^Significant at the 5/s level. 
, Chi-square test that tg/ti 100 per cent. 
Chi-square test on differences between the three 
egg weight classes. 
"^Chi-square test on differences between storage time 
effect of corresponding classes. 
The hatchability data for the DE embryos (Table 43b) 
indicate that hatchability tended to decrease upon prolonged 
storage although this decline was statistically significant 
only in medium sized eggs. A significant Influence of egg 
size on hatchability was observed for untreated eggs when 
they were stored for one week; hatchability decreased with 
decreasing egg size. In all untreated groups, small eggs 
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iiatched poorest. Small eggs, however, were least sensitive 
to chilling, and did not decline significantly in hatch-
ability while both large and medium sized eggs decreased 
significantly in hatchability when chilled. 
Table 44. Experiment 2: analysis of variance of hatch-
ability of cross line embryos under stress 
treatment 




L X R 
Split plots 
Storage time S 
D X L 
i;rror 
Split-split plots 
Weight classes W 
W X L 




CT X L 
CT X S 































**Significant at the 1% level. 
*Slgnlficant at the 5;^ level. 
The comparisons between the buffering capacity of the 
embryos from the reciprocal crosses between the egg weight 
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lines indicate that in this case, embryos of essentially 
the same genotypes were better buffered when in the small 
£ line eggs than when in the large D line eggs, hatchability 
in the D line eggs was reduced by approximately 30 per 
cent while this reduction was only about 15 per cent in the 
E line eggs. 
The analysis of variance presented in Table 44 indicates 
that the differences in overall hatchability between the 
various crosses (including the AA mating) were not statis­
tically significant. No statistically significant overall 
storage time effect was obtained indicating that cross line 
embryos were better able to resist pre-incubation storage 
effects than the pure line embryos (Table 44). The overall 
effect of chilling was highly significant. 
In conclusion, the buffering capacity of embryos from 
reciprocal crosses between the body weight lines as well 
as between the egg weight lines varied greatly. The relation­
ship between egg size and buffering capacity was not 
consistent for the two sets of reciprocal crosses: in the 
body weight crosses, embryos with the large female parent 
resisted chilling better while in the egg weight crossés, 
embryos with the low female parent were better. The M 
embryos were intermediate in sensitivity towards chilling 
compared to the two reciprocal body weight line crosses 
while in comparison with the egg weight line crosses they 
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were affected by approximately the same amount as the DE 
embryos. Thus, if the level of heterozygosity is assumed 
to be approximately equal for all the cross line embryos, 
the relatively more homozygous M embryos were on the 
average as well buffered as the heterozygous embryos. 
Genetic differences in buffering capacity Since 
the Inbreeding coefficient of the A line control in genera­
tion six was only approximately four per cent less than 
that of the selected lines (Table 36) it was not surprising 
that no clear cut differences in resistance to chilling 
could be demonstrated between the selected pure line and 
the control line embryos. Likewise, the data from the 
second experiment involving cross line embryos did not 
reveal any effect of the level of heterozygosity on buffering 
since the pure M embryos showed a sensitivity to chilling 
which was intermediate when compared to the cross line 
embryos. However, the effect of egg size was confounded in 
all these comparisons. 
Comparisons between pure line BB and cross line CB 
embryos were free of any influence of egg size on resistance 
to chilling since embryos of different levels of heterozygosity 
in eggs of same weights were compared. Similar comparisons 
between £0 and DD and ED, and EE and ^ embryos were 
possible. The comparisons involving the high body line B 
female parent indicate that heterosis increased resistance 
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to chilling. In the comparisons involving the low body 
line G female parent no such effect was observed when the 
overall tg/t^ values were considered, however, comparisons 
within the three weight classes showed an advantage of 
heterozygosis over homozygosis in the small C eggs while 
a disadvantage of heterozygosis was observed for medium and 
large C eggs. 
In the egg weight lines the more homozygous, e. 
pure line embryos were considerably better buffered than 
the heterozygous embryos. This surprisingly high buffering 
capacity of pure egg weight line embryos when compared to 
cross line embryos between these two lines or pure line 
embryos from other lines suggests that canalizing selec­
tion (selection for increased buffering capacity towards 
environmental stress during embryonic development) may have 
been fairly strong in the egg weight lines. Since the 
hatching eggs from the egg weight lines always had extreme 
egg weights during the course of the selection experiment, 
standard incubation conditions might not have been optimal 
for these eggs. Thus, natural selection for an increased 
ability to cope with sup-optimal environments may have 




The observed decline In reproductive fitness with selec­
tion for metric traits could result from either phenotyplc 
or genetic effects. Individuals selected for extreme metric 
traits might be less fit because of a causal phenotyplc 
relationship or because the underlying genotype Is sub-optimal. 
These two factors need not be mutually exclusive. The results 
from this study will be discussed first In terras of a pheno­
typlc model (metric deviation model) and second In terms of 
various genetic models. 
Metric deviation model 
The metric deviation model assumes tliat the decline In 
fitness with change In the metric trait results solely from 
the extreme phenotypes being less fit as such and not be­
cause of a possible clxange In the underlying genetic constitu­
tion. Thus, If the observed fitness values of each line 
could be corrected for the differences In body and egg 
weight, the corrected fitness values of each line should be 
the same under a purely metric deviation model. The multiple 
regressions for fitness index on body and egg weight, ob­
tained individually for each line, could be used to compute 
expected-fitness values for each line adjusted to a common 
standard body and egg weight. For each line, the multiple 
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regressions were pooled over all generations; standard body 
weights were taken as 4.25 pounds or 3.5 pounds for the 
Leghorns and Fayoumls, respectively, while standard egg 
weights were taken as 56 grams or 43 grams for the Leghorns 
and Fayoumls, respectively. 
Expected fitness 
Leghorn 
A control 40.9 + 3.9 4>100.0^ 
B high body weight 35.2 + 6.7 86.2^ 
C low body weight 49.0 + 8.3 s>119.9# 
D high egg weight 36.7 + 6.1 89.97» 
E low egg weight 42.9 + 9.5 e>104.8^ 
Fayouml 
J control 43.7 + 3.3 2>100.0^ 
K high body weight 32.3 + 6.6 73.9;^ 
L high egg weight 40.0 + 5.9 > 91.6# 
The 95 per cent confidence Intervals for all the Leghorn 
lines overlap, indicating that all these lines would have 
load similar reproductive capacity if their body and egg weights 
were equal. Only the value for the high body Fayouml line K 
is significantly different from the value of the Fayouml 
control line J. These data would suggest that metric devia­
tion alone could explain the observed decline In fitness in 
all lines except the K line. However, the regressions of 
fitness on body weight and egg weight were obtained from a 
biased sample of each population since only the selected 
breeders were available for these estimations. Therefore, 
extrapolation of the data of the selected lines to standard 
body and egg weights probably do not give entirely valid 
results. 
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Under the assumption that natural selection against 
extreme metric deviants is purely phenotypic, Latter (i960) 
obtained the following theoretical results for the metric 
deviation model: 
1. Fitness of individual metric deviants from the 
population mean falls off in proportion to x6'/2^, where 
is related to the intensity of natural selection for the 
optimum phenotype. 
2. After a change of the mean of the metric trait by 
XQ under individual selection, the relative fitness of the 
p / 2 2 2 2 population will have declined by XQ/2<r , where cr and 
P 
p is the phenotypic variance of the trait under selection. 
In this model, the relationship between fitness and 
deviation from the mean of the metric trait remains the same 
within selected populations as it was for the equilibrium 
population, i.e. fitness falls off in proportion with the 
square of the deviation. From 1. and 2. above it follows 
that at a given distance x from the mean, the decline in 
fitness of individual metric deviants in the unselected 
2 / 2  population is times as much as the decline in mean 
fitness of a population with its mean changed by the same 
distance x through artificial selection. 
The ratio (-In w)/g^ can be used to evaluate whether 
fitness declined proportional to the square of the selection 
response (Latter and Robertson, I962). The quantity w 
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represents the mean fitness of the selected lines relative 
to the controls after a shift in the mean of the selected 
trait by £ genetic standard deviations. Estimates of the 
genetic variance for body and egg weight were obtained from 
a full-sib analysis (Festlng, 1964) and the above ratios 
were computed for generations three and six for the Leg-
iiorns and generations three and five for the Fayoumis, 
respectively. 
Value of (-In w)/g^ 
Generation 3 Generation 6 Leghorn 
3 high body weight 
C low body weight 
3 and C average 
D high egg weight 
E low egg weight 
D and E average 
Fayouml 
K high body weight 



















If the decline in fitness index was proportional to 
the square of the selection advance, the above ratios would 
remain constant for all generations. It therefore appears 
that no such simple relationship between fitness decline 
and selection response existed for any of the lines except 
possibly for the Fayouml IC line. The combined data from 
the high and low Leghorn body weight lines suggest that the 
average correlated response in fitness in the Leghorns was 
similar to that in the Fayouml body weight line. Selection 
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for egg weight seems to have resulted in less regular cor­
related responses in fitness. However, the rather erratic 
changes in fitness index observed during the last three 
generations in all Leghorn lines are difficult to interpret 
on the basis of a purely phenotypic model. 
A second aspect of the metric deviation model can be 
tested by examining the differences in the relationships 
between the fitness index and the metric traits under 
selection in the selected and the control populations. The 
large linear regression coefficients of fitness index on 
body weight in the body weight lines and on egg weight in 
the egg weight lines compared to the controls may be a 
consequence of selection. However, before similar data 
are available on the total populations covering the whole 
range of the metric traits, no definite conclusions can be 
reached since the selected breeders used in this analysis 
were biased populations. Data obtained on hatchablllty of 
more representative samples of the selected Leghorn lines 
Chilling Experiment 1) indicate a similar linear 
relationship between hatchablllty and hatching egg weight 
in these samples as in the biased populations of the selected 
breeders. Thus, the results from the selected breeders may 
not be too seriously biased. 
As already discussed, under the metric deviation model 
the decline in fitness of an individual deviating by x from 
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the mean of the original population is expected to be greater 
than the mean decline in fitness of a population whose mean 
has been moved the same distance x through selection. Fit­
ness of individuals deviating by x in body weight and ^ in 
egg weight from the corresponding means of the control lines 
can be estimated from the multiple regressions in these lines 
(pooled over generations). The estimated fitness indexes 
for different individuals deviating by the same amounts 
from the control population means as the selected lines are 
given below. 
Observed mean fitness Estimated fitness index 
index of selected of corresponding indivi-
llnes dual deviants of the 
Leghorn control lines 
3 30.8 + 5.1 39.7 + 4.3 
C 36.2 + 6.1 42.2 + 3.7 
D 34.0 + 5.4 40.1 + 4.0 
E 36.9 + 6.5 42.0 + 3.7 
Payoumi 
K 28.6 + 4.6 41.1 + 4.5 
L 35.0 + 4.6 42.3 + 4.0 
Extrapolation of the data of the control lines to the 
mean metric values of the selected lines is justified since 
the selected breeders of the control lines were unbiased 
samples with respect to body or egg weight. Although the 
95 per cent confidence intervals of the observed fitness 
values of the selected lines overlap with those of the 
estimated adjusted fitness values of the control lines in 
all cases except the K line, the values of the control lines 
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tend to be higher than the mean values of the selected 
populations. This is clearly in opposition to the theoretical 
expectations of the metric deviation model. 
The metric deviation model apparently does not provide 
adequate explanations for the observed changes in fitness 
and the differences in the relationship between fitness 
and metric traits likely to be found between selected and 
control populations. A completely phenotypic model is un­
satisfactory because it does not take into account changes 
occurring in the genepool with artificial selection which 
might result in changed relationships between metric traits. 
It is reasonable to expect that the relationship between 
fitness and metric traits would change when the genetic 
constitution of a population changes. Expecially when 
selection limits are reached it is likely that the relation­
ship between fitness and the metric trait under selection 
will be much stronger than when the population was inter­
mediate for this trait. From the evolutionary point of 
view, the metric deviation model must be regarded as un­
satisfactory since gene fixation would be Inevitable (Fisher, 
I93O; Robertson, 1956; Latter, i960) and therefore genetic 
variation would be lost. 
Genetic models 
The effects of artificial selection at the genotypic 
level are changed gene frequencies. These changes may be 
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directional resulting from the Imposed selection pressure 
or random due to the restricted population size (Lerner, 
1958). Thus, the previously "balanced" gene pool (l,.e. 
coadaptation, Dobzhanslcy, 1955) will be disturbed by 
artificial selection and correlated responses in traits 
other than those selected will occur. Genetic mechanisms 
of pleiotropy, linkage, dominance, and epistasis must be 
responsible for these correlated changes. Ihe correlated 
response in fitness is usually negative if the base popula­
tion was in genetic equilibrium. The reduction in fitness 
with artificial selection for metric traits can be attributed 
to the following genetic changes : 
1. Directional and random Increases in homozygosity 
(Lerner, 1954; Robertson, 1956), 
2. Loss in polygenic balance (Mather, 1949), 
3. Loss in coadaptation (Dobzhansky, 1955). 
fiomeostatic model The homeostatlc model is based on 
Lerner's (1954) concept of genetic homeostasis which assumes 
that fitness exhibits overdominance while other metric traits 
are controlled by many loci with small additive effects. 
Therefore, extreme phenotypes would be less fit because 
they are more homozygous than intermediates and natural 
selection for the superior heterozygotes would tend to main­
tain the genetic variation in a population. The theoretical 
consequences obtained for the homeostatlc model by Robertson 
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(1956) have already been listed (page 5). 
The decline In mean fitness of the selected population 
is again proportional to the square of the selection advance 
Just as for the metric deviation model. Accordingly, the 
homeostatic model would seem to be no more and no less 
predictively useful tlian the metric deviation model. 
However, some indication that the homeostatic model 
might be more valid than the metric deviation model comes 
from the differences in the relationships of fitness to the 
selected trait between the control lines and the selected 
lines. These relationships are expected to become linear 
within the selected populations under the homeostatic model 
but not under the metric deviation model. Speculating from 
the present data, the regressions of fitness on body weight 
or egg weight within the selected populations may have 
become linear. However, no definite conclusions can be 
reached until data are available on unbiased samples of the 
populations. 
Under the homeostatic model, the decline in fitness of 
an individual metric deviant at a distance x from the mean 
of the equilibrium population is less than the decline in 
mean fitness of a selected population which has been moved 
from the original mean by the same distance x through 
artificial selection. This is different the theoretical 
results based on the metric deviation model. Thus, the 
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tendency of the estimated fitness values of the control 
lines (adjusted to the mean body and egg weights of the 
selected lines) to be higher than the observed mean fitness 
of the selected lines supports the homeostatic model. As 
stated previously, selection not only results in directional 
homozygosity, i.e. homozygosity at loci influencing the 
trait under selection, but also in random gene fixation due 
to the restricted population size. Thus, the average level 
of homozygosity of the selected population might be higher 
tlian that of individual deviants at the same distance x 
from the original population mean. This explains the 
lower mean fitness expected for the selected population 
compared with that of the individual deviants of the equili­
brium population at a given point x from the original mean. 
From this point of view, the homeostatic model takes account 
of the random Increase in homozygosity during selection as 
well as of the directional Increase. 
The sharp differences in the correlated changes in 
fitness between the high and low Leghorn lines cannot be 
explained in terms of strict overdominance since under this 
assumption the symmetric selection response in the egg weight 
lines should have been accompanied by symmetric correlated 
• changes in fitness. The possibility that egg weight and 
body weight in the base population were not optimum for 
fitness also has to be taken into account. Since the Leghorn 
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base population originated from commercial flocks in which 
some attention probably was paid to maintain at least 
standard sized eggs, the optimum egg weight could have 
been lower than the mean egg weight (Lerner, 1951) and there­
fore selection for low egg weight would not have decreased 
fitness in the early stages. However, the smaller decline 
in the low Leghorn lines compared to the high Leghorn lines 
could have resulted from differences in the intensity of 
selection for heterozygous genotypes. The relative selection 
response in the low Leghorn lines was less than tliat of 
the high Leghorn lines in the last three generations which 
would be expected if selection in the low lines favored 
heterozygotes more than in the high lines (Falconer, i960). 
This situation could be regarded as a form of directional 
dominance. Therefore, the increase in the level of direc­
tional homozygosity would be less in the low lines which 
could account for the relatively high fitness in these lines 
compared to the high lines. 
Inbreeding depression in fitness Since fitness is 
assumed to involve overdominance (Lerner, 1954), considerable 
decline in fitness would be expected under inbreeding. 
Duzgunes (I950) found that reproductive fitness in chickèns 
(measured as number of chicks per hen surviving to breeding 
age) declined by 50 per cent when inbreeding reached 25 per 
cent in three years. Under slow inbreeding due to small 
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population size in an egg production flock selected over 
ten years, Tebb (1958) calculated a decline of ,47 pullets 
to breeding age per ten per cent inbreeding. 
In this study, the small cumulative differences in 
inbreeding between the selected and the control lines of 
approximately four per cent should not account for all of 
the observed decline in fitness in the selected lines. 
Furthermore, the differences in fitness between the selected 
lines should not be attributable to differences in level 
of inbreeding arising from small population size since 
inbreeding was practically the same for all the selected 
lines. However, inbreeding would tend to make the,lines 
different and therefore would account for some of the 
variation of 'fitness between lines. 
That the rate of inbreeding per generation is important 
in determining the amount of inbreeding depression in fit­
ness has been shown by Latter and Robertson (1962). At 
theoretically the same level of inbreeding, lines from 
continued full-sib matings had much lower fitness than lines 
from populations maintained by ten pairs of parents each 
generation. Although the rate of inbreeding in our selected 
lines was nearly twice as much as in the control lines, this 
rate was still very low and could hardly account for the 
observed decline in fitness in the selected lines. 
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The amount of directional homozygosity la difficult 
to determine from the data available. The degree of regres­
sion in the selected trait towards the original population 
mean upon relaxed selection would give a good indication of 
the proportion of alleles which have become fixed through 
selection in each line. The rather symmetrical selection 
response of egg weight in the high and low Leghorn egg 
weight lines may have resulted in approximately the same 
level of directional homozygosity so that the large dif­
ferences in fitness between these two lines must be 
attributed to other factors. Some of the observed sharp 
decline in fitness in the high body weight Leghorn and Fayoumi 
lines could probably be attributed to increased directional 
homozygosity since these two lines responded most to selec­
tion and therefore more loci might have become homozygous 
than in any of the other lines. 
Effects of linkage on fitness The Importance-of 
polygenic balance and linkage has been stressed by Mather 
and Harrison (1949). These workers attributed the decline 
in fertility in their high abdominal bristle lines of 
Drosophlla melanogaster mainly to linkage. Latter and 
Robertson (I962) held linkage responsible for the reduction 
in fitness in two of their high and low abdominal bristle 
number lines of the same species but concluded that plelotropy 
was also important. 
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In the present data It seems that the observed cor­
related changes In fitness Index In the Leghorn egg weight 
lines could be explained by linkage. Since the Leghorn 
base population represented a four-way cross of four 
different strains, this population may have been further 
away from linkage equilibrium than the Fayoumi base popula­
tion. An excess of repulsion phases of linked egg weight 
and fitness alleles could then account for the decline in 
fitness in the high egg weight line D and the increase in 
fitness in the low egg weight line E during the first 
generations. The fluctuations in fitness in these two 
lines during the later generations could have resulted 
froja an approach to linkage equilibrium. The steady decline 
in fitness with continued selection response in the Fayoumi 
lines could be accounted for by linkage between loci affecting 
the trait under selection and fitness. Ihe data for the K 
line suggest that a tight linkage between body weight and 
fitness loci may have existed in this population. Since no 
evidence of any break between this relationship could be 
obtained so far in the K line, the sharp reduction in fitness 
could be explained just as well by pleiotropy. 
Part B 
Influence of genotype on buffering capacity 
Since the selected Leghorn lines differed markedly in 
hatchabillty and other fitness traits from their control 
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after six generations of selection it was rather surprising 
that they were at least as resistant to temperature shock 
treatment during incubation as the control line. On the 
basis of the small differences in the inbreeding coefficient 
between the selected lines and their control no great -
differences in buffering capacity to chilling were expected 
but other effects of directional selection already discussed 
should have decreased buffering capacity since it can be 
considered a fitness trait. A considerable loss in 
buffering during development with directional selection 
was found in high and low chaeta number lines of Drosophila 
melanogaster (Thoday, 1953). 
In the present study, directional selection certainly 
did not reduce the resistance of embryos to chilling, and 
in fact was actually accompanied by increased buffering 
capacity. This could be interpreted in terras of different 
intensities of natural selection for buffering to temperature 
stress to which the egg weight lines, the body weight lines, 
and the control line were subjected during the course of 
the selection experiment. Since the Incubation procedures 
used were standard ones they were presumably optimal for 
the control line, and thus the intensity of natural selection 
for buffering to sub-optimal incubation conditions would be 
weak. For the eggs of the selected lines, however, incuba­
tion conditions were probably sub-optimal since the hatching 
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eggs were of rather extreme sizes which would permit 
natural selection to operate. Natural selection in this 
context is conveniently understood in terms of W&ddington's 
"canalizing" selection, ^.e. natural selection tends to 
preserve normal development by eliminating alleles which 
increase the sensitivity to environmental stress conditions. 
Canalizing selection may have been rather intense con­
current with directional selection for high and low egg 
weight and as a result, buffering capacity to temperature 
stress increased in the selected lines beyond that of the 
control line. Canalizing selection during previous genera­
tions could also account for the lack of a definite 
superior buffering to temperature stress of the cross 
bred embryos. Apparently, canalizing selection was more 
effective in increasing the resistance to suboptimal 
temperatures during incubation than was an increase in the 
level of heterozygosity. 
The differences in sensitivity to prolonged pre-incubation 
storage between lines conformed more to what was expected: 
The selected lines usually declined more in hatchability 
than the control line when storage was prolonged, indicating 
that directional selection had similar effects on resistance 
to prolonged storage as it had on other fitness traits; an 
increase in the level of heterozygosity of the embryos 
decreased the sensitivity to prolonged storage. There is 
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no reason to believe that canalizing selection for resistance 
to prolonged pre-incubation storage should have been 
different between the selected and the control lines. Thus, 
when the expected differences in the intensity of canalizing 
selection are nil, buffering capacity to environmental stress 
will tend to decrease with directional selection and will 
tend to increase with increased levels of heterozygosity. 




The correlated changes In reproductive f i tness with 
selection for single trai ts  during six generations in five 
Leghorn l ines and during f ive generations in three Fayoumi 
l ines were analyzed. The f ive Leghorn l ines were:  l ine A, 
selected for high egg production,  l ines 3 and C, selected 
for high and low nine month body weight,  respectively,  
and l ines D and E, selected for high and low nine month 
egg weight.  The fayoumi l ines J ,  K, and L are replicates 
of Leghorn l ines A, B, and D. The breeding population for 
the A and J  l ine consisted of 16 sires mated to 9-16 dams 
each,  while al l  the other l ines were produced from eight 
sires,  each mated to 9-16 dams. The A and J  l ines showed 
no consistent improvement in egg production or reproductive 
f i tness and were used as control  l ines In this study. Body 
weight In the B and K l ines increased by 55.8 and 45.2 per 
cent,  respectively,  while egg weight in the D and L l ine 
Increased by 17.7 and 15.1 per cent,  respectively.  The C 
l ine declined in body weight by 21.5 per cent while the E 
l ine declined in egg weight by 10.5 per cent.  
Reproductive f i tness was measured as the product of 
rate of egg production,  fert i l i ty,  hatchabll i ty,  and per 
cent survival  of offspring.from housing to nine months of 
age.  The mean values of the f i tness Index and the trai ts  
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entering I t  are given below as relative percentages of 





duction Ferti l i ty 
Hatch-
abil i ty 
Offspring 
survival  
B 66 78 96 88 100 
C 81 83 105 98 96 
D 74 39 96 87 98 
E 65 90 99 97 98 
Fayoumi 
K 54 71 83 91 99 
L 74 85 94 94 99 
Reproductive f i tness and al l  f i tness components except 
offspring survival  declined more In the high l ines than in 
the low l ines.  The body weight l ines were lower in f i tness 
than the egg weight l ines mainly because of a  lower rate of 
egg production in the body weight l ines.  Offspring survival  
contributed only 14 per cent to the variation in the f i tness 
index in the Leghorn l ines and only eight per cent in the 
Fayoumi l ines.  The relative contributions to the variation 
in f i tness index were 35 per cent for rate of egg production,  
24 per cent for fert i l i ty and 23 per cent for hatchabil i ty 
in the Leghorn l ines while the corresponding figures were 
35,  30,  and 27 per cent for the Fayoumi l ines,  respectively.  
The l inear regression coefficients of the f i tness index 
on the direct  selection response were s tat ist ically significant 
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only in the K and L Fayoumi l ines.  Similar regression 
coefficients were significant for egg production in the K 
l ine,  hatchabil i ty in the D, K, and L l ines,  and fert i l i ty 
in the K l ine.  None of the other regression coefficients 
were s tat ist ically significant.  The correlated ciianges 
in the f i tness index did not sett le down to a definite 
pattern in any of the Leghorn l ines while a  regular decline 
in f i tness index occurred in the Fayoumi l ines as selection 
response continued. The difference in the pattern of 
response between the two breeds could be due to differ­
ences in l inkage equil ibrium of the two base populations;  
the Leghorn base population was a four-way cross of four 
different commercial  s trains;  the Fayoumi'  base population 
had been maintained as a closed flock of approximately 
eight males and 100 females over several  years without 
selection.  Therefore l inkage disequil ibrium might have 
been considerably more in the Leghorn population.  
The average l inear regression coefficients of f i tness 
index on body weight,  calculated on an individual hen basis 
(selected breeders only) within l ines and generations,  were 
-4.77 for the B l ine,  11.53 for the C l ine and -1.01 for 
the K l ine.  The corresponding coefficients of f i tness index 
on egg weight in the egg weight l ines were - .543 for the D 
l ine,  .947 for the E l ine,  and - .712 for the L l ine.  With 
the exception of the K l ine,  the regressions on body weight 
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were larger in the body weight l ines than in the egg weight 
l ines,  and similarly,  the regressions on egg weight were 
larger in the egg weight l ines than in the body weight l ines.  
The differences between the regression coefficients of the 
l i igh and low l ines were s tat ist ically significant.  Linear 
regression coefficients computed for hatchabil i ty on body 
weight or egg weight corresponded closely to those obtained 
for the f i tness index. No s ignificant l inear trends over 
successive generations could be demonstrated in these regres­
sion coefficients.  In the sixth generation of selection,  
l inear regression coefficients for hatchabil i ty on hatching 
egg weight were calculated; these were s tat ist ically slgnifi  
cant in the l ines selected for egg weight but not in the 
l ines selected for body weight.  The coefficients were 
posit ive in the low l ines but negative in the high l ines 
in agreement with the results  obtained from relating fi tness 
index or hatchabil i ty to nine month egg weight.  
The average laying house mortali ty relative to the 
control  l ines was 100.6 per cent for the B l ine,  92.3 per 
cent for the C l ine,  94.6 and 96.7 per cent for the D and 
E l ines,  respectively,  and 96.4 and 98.3 for the K and L 
l ines,  respectively.  None of the differences except that  
between the C and the E l ine were s tat ist ically significant.  
The intensit ies of natural  selection against  extreme 
metric deviants within l ines were not significant but a 
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significant l inear increase over generations in the intensity 
against  extreme body weights could be demonstrated in the 
Leghorn l ines while a significant l inear increase in 
discrimination against  extreme egg weights could be found 
in the Fayoumi l ines.  
The intensit ies of natural  selection during the re­
productive cycle were calculated from the rat ios of the 
realized over the expected selection differentials,  using 
number of pullets reaching breeding age in determining the 
realized selection differentials,  the following ratios were 
obtained: .93 and .86 for the 3 and C l ine,  respectively,  
.94 for both the D and E l ine,  and .91 and .96 for the '£ 
and L l ines,  respectively.  
Low temperature exposure (12 hours at  55°F. on l8th 
day) of pure l ine embryos (Chill ing Experiment 1)  reduced 
hatchabil i ty as follows; 22 per cent in ^  embryos,  20 and 
21 per cent in BB and £C embryos,  respectively,  13 and seven 
per cent in M and EE embryos,  respectively (f irst  let ter  
refers to male,  second let ter  to female parent,  respectively).  
The same chil l ing treatment was applied to cross l ine embryos 
(Chill ing Experiment 2) between the two body weight l ines 
and the two egg weight l ines with the following reductions in 
hatchabil i ty;  I7 per cent in ^  embryos (control) ,  s ix per 
cent in ^  embryos and 24 per cent in ^  embryos,  3I  and 15 
per cent in ED and DE embryos,  respectively.  Prolonged 
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pre-lncubatlon storage was generally more detrimental  to 
pure l ine embryos than to cross l ine embryos.  The embryos 
from the selected l ines were more affected than those from 
the A l ine control .  
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CONCLUSIONS 
1.  Single t rai t  selection for body weight or egg 
weight in the Leghorn and Fayoumi breeds was effective and 
resulted in large correlated reductions in reproductive 
f i tness.  
2.  The correlated responses in f i tness were asymmetric:  
f i tness declined aore in the high l ines than in the low 
l ines.  This difference was evident in each of the three 
components which contributed most to the f i tness index: rate 
of egg production,  fert i l i ty,  and hatchabil i ty.  
3.  The f i tness index of the body weight l ines was 
lower than that  of the comparable egg weight l ines,  which 
resulted mainly from larger reductions in rate of egg pro- .  
duction in the body weight l ines.  
4.  The pattern of correlated response in f i tness index 
in the Leghorn l ines did not agree well  with the predictions 
of the metric deviation model or the homecstatic model.  The 
Fayoumi l ines declined more regularly In f i tness with con­
tinued celection response.  This may be interpreted in terms 
of l inkage or pleiotropy. 
5.  The relationships between the f i tness index and the 
trai t  under selection were strongly l inear in the selected 
l ines compared to the controls,  which lends tentative r-i^jport  
to the homeostatic model.  
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6. Random gene f ixation due to restricted population 
size accounted for only a l i t t le of the observed decline 
in f i tness.  
7.  Directional gene f ixation at  loci  Influencing the 
trai ts  under selection probably was largest  in the high 
body weight l ines which showed the greatest  selection 
response.  Therefore,  some of the large decline in fi tness 
in these l ines seems to be accounted for by this mechanism. 
8. Linkage between loci  affecting egg weight and f i tness 
might have been responsible for the observed changes In 
f i tness in the Leghorn egg weight l ines.  Close l inkage or 
plelotropy could account for the sharp continuous decline 
in the II l ine.  
9.  Directional selection for high and low egg weight 
did not decrease the buffering capacity of hatching eggs to 
chil l ing during incubation which suggests that  canalizing 
selection may l iave been important during the course of the 
selection experiment.  Canalizing selection seems to have 
been more effective In increasing the resistance to chil l ing 
than an increased level of heterozygosity.  
10.  Sensit ivity of embryos to prolonged pre-lncubatlon 
storage did follow the expected pattern of response of 
characters related to f i tness;  directional selection in­
creased the sensit ivity while increased heterozygosity 
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APPENDIX 
Table 45.  Means of nine month body weight for total  popula­
t ion (x^) and selected breeders (Xg) 
Generation 
Line 0 1  2 3 4 5 6 
Leghorn 
3.83 3.62 A x^ 4.25 4.29 4.24 3.80 3.97 
^s 4.27 4.20 4.19 3.72 3.97 3.91 3.78 
a x^ 4.25 4.87 5.12 4.97 5.73 5.54 5.64 
Xs 5.14 5.17 5.58 5.65 6.03 5.95 6.33 
G x^ 4.25 3.78 3.66 3.09 3.13 3.00 2.84 
^s 3.42 3.65 3.25 2.79 3.00 2.70 2.51 
D x^ 4.25 4.4d 4.48 4.22 4.47 4.27 4.26 
Xs 4.52 4.71 4.80 4.47 4.67 - 4.61 4.58 
ET 4.25 4.13 4.06 3.55 3.53 3.33 3.24 
Xs 3.84 4.10 3.87 3.33 3.34 3.38 3.07 
Fayoumi 
J ET 3.35 3.55 3.61 3.43 3.70 3.41 
Xs 3.25 3.54 3.49 3.58 3.66 3.37 
K X. 3.35 4.18 4.67 4.63 5.23 4.95 
Xs 3.95 4.45 5.07 5.36 5.73 4.97 
L It 3.35 3.80 3.84 3.82 4.13 3.72 
Xs 3.58 3.91 4.02 3.97 4.34 3.80 
Table 46.  t leanb of nine month egg weight for total  popula-
t ion (xt)  and selected breeders (XR)  
Generation 

































































Table 46. (Continued) 
Line 0 1 2 
Generation 























































Table ^ '7.  Standard deviations of body weight for 
population (std-t)  and selected breeders 
total  
(stdg 
Line 0 1 2 
Generation 





























































































































Table 48.  Standard deviations of egg weight for total  
population (std^) and selected breeders (std^) 
Generation 
Line 0 1 2 3 4 5 6 
Leghorn 
































































































































Table 49.  Total  per cent egg production 
Generation 
Line 0 1 2 3 4 5 0 
Leghorn 
61.5 A 59.9 59.1 57.5 65.7 55.5 75.0 
3 48.5 51.3 47.2 40.2 50.7 52.2 57.5 
G 55.4 54.0 50.2 46.1 55.3 51.6 52.1 
D 56.8 56.7 53.6 44.9 57.1 59.5 64.4 
E 55.3 52.5 55.6 50.5 58.4 60.7 64.7 
Fayouml 
J  54.7 60.1 64.5 65.4 65.5 72.4 
K 44.2 50.5 46.9 41.9 42.3 41.4 
L 51.8 54.1 53.9 50.2 55.4 55.9 
160 
Table 50.  Total  per cent fert i l i ty 
Generation 
Line 0 1 2 3 •••4 5 6 
Leghorn 
86.8 88.6 A 88.8 77.9 85.6 88.2 06.0 
B 91.4 90.6 87.5 88.0 59.0 68.4 90.1 
G 95.2 92.1 93.6 90.7 88.1 85.4 87.0 
D 89.0 91.1 88.5 77.1 77.3 75.1 91.8 
E 83.6 91.6 90.4 80.9 84.5 89.1 76.3 
Fayoumi 
J  87.3 93.8 93.1 91.5 87.2 71.4 
K 81.0 86.4 83.8 76.2 66.2 47.4 
L 77.7 37.2 86.8 88.7 86.5 64.0 
Table 51.  Total  per cent hatcuabil i ty 
Generation 
Line 0 1 2 3 4 5 6 
Leghorn 
86.9 A 73.7 93.3 92.8 89.1 82.5 88.2 
B 83.5 63.7 80.3 83.7 79.3 66.0 72.7 
G 86.3 75.5 90.8 84.4 93.0 01.5 78.6 
D 86.4 66.7 83.4 82.9 76.0 63.6 70.0 
l 86.5 65.7 89.4 92.9 86.5 89.7 80.8 
Fayoumi 
J  87.5 80.9 90.8 92.4 87.9 85.5 
K 85.8 81.1 80.9 80.7 71.4 75.8 
L 85.7 87.1 87.7 87.6 77.4 66.9 
Table 52.  Total  per cent offspring survival  
Generations 
Line 0 1 2 5 4 5 6 
Leghorn 
91.8 96.5 A 95.9 96.3 95.6 98.9 96.3-
B 92.6 92.2 96.7 97.1 98.5 98.3 94.4 
C 86 .0 95.0 91.9 86.5 95.2 97.0 92.0 
D 92.3 91.3 94.3 89.9 96.9 96.8 96.5 
£ 65.1 99.5 94.7 94.7 96.0 97.8 93.3 
Fayoumi 
J  97.3 97.0 96.2 95.7 98.7 98.8 
K 96.4 96.0 94.6 94.8 99.2 95.0 
L 97.2 96.6 93.2 95.4 95.7 98.0 
l6l a 
Table 53.  Total  per cent f i tness index 
Generation 
Line 0 1  2 3 4 5 6 
Leghorn 
A 43.6 37.0 46.0 40.1 47.9 47.1 54.a 
B 34.3 27.3 35.2 28.6 23.3 23.2 35.5 
G 39.2 35.6 39.2 30.5 43.2 34.9 32.7 
D 40.3 31.5 37.3 25.8 32.5 27.5 39.9 
E 34.0 31.4 42.5 35.9 41.0 47.5 37.2 
Fayoumi 
J  40.7 44.2 52.4 53.0 49.6 43.7 
K 29.6 33.9 30.1 24.4 19.8 14.1 
L 33.6 39.7 38.3 37.2 35.5 23.5 
Table 54.  Correlations of f i tness index with i ts  components 
Generation 
Component Line 0 1 2 3 4 5 6 
EGG 
.41 Production A .37 .59 .53 .62 .89 .55 
B .73 .48 .  61 .63 .51 .52 .62 
C .76 .65 .76 .84 .60 .80 .74 
D .50 .39 .75 .57 .71 .58 .45 
ILL .30 .63 .76 .56 .63 .92 .47 
J  .58 .58 .79 .56 .67 .33 
K .65 ..67 .67 .79 .45 .53 
L .26 .52 .54 .69 .42 .23 
fert i l i ty 
- A .51 .78 .69 .79 .52 .29 .73 
.43 .21 .67 .32 .73 .44 .42 
C .28 .33 .45 .59 .56 .51 .28 
D .42 .45 .31 .54 .61 .72 .69 
E .37 .54 .21 .80 .69 .32 .70 
J .67 .30 .50 .51 .49 .76 
X .65 .68 .57 .36 .62 .61 
L .76 .66 .66 .60 
.75 .52 
Hatcliabil i ty 
A .70 .41 .47 .40 .61 .47 .60 
B .32 .71 .50 .54 .48 .62 .65 
C .40 
.77 .49 .36 .46 .53 .74 
D .57 .65 .74 .33 .61 .89 .76 
E .54 .72 .65 .09 .53 .24 .41 
J  .74 .81 .52 .52 .66 .68 
iC .53 .73 .25 .39 .66 .44 
L .22 .39 .54 .39 .81 .64 
161b 
Table 54. (Continued) 
Generation 
Component Line 0 1 2 3 4 " 5  6 
Offspring 
survival  
A .47 .01 .15 .18 .45 .24 .13 
B .16 .37 .13 .10 .10 .30 .24 
C .67 .15 .38 .29 .31 .37 - .06 
D .38 .49 .38 .42 .23 .29 .40 
£ .56 .40 .49 .22 .39 .01 .40 
J .16 .31 .33 .38 .10 .27 
K - .07 - .07 .22 .24 .03 - .01 
L .24 •37 .20 .19 .08 .21 
Table 55.  Correlations between f i tness components 
Generation 
Component Line 0 1 2 3 4 5 c 
Egg production 
Ferti l i ty 
A .11 .07 .09 .08 .06 - .04 .14 
B .01 — è 18 .03 - .16 - .01 - .18 .06 
C .10 
- .09 .30 .36 - .05 .02 .05 
D - .17 .06 .13 .00 .20 .07 .03 
E 
- .33 .13 -.08 .04 .17 - .02 .12 
Al% 
- .057 - .003 .095 .063 .074 - .031 .082 
J .09 .02 .38 -.08 .02 - .11 
K .01 .24 .06 - .09 .01 .02 
L - .18 .03 .03 .12 .09 - .20 
All - .023 .099 .156 - .016 .044 - .097 
'.y 
A .04 .06 .09 .02 .32 .15 .25 
is - .09 -.05 .33 - .15 .11 - .07 - .04 
C .06 .15 .24 .04 - .11 .03 .27 
D .03 -.18 .35 - .04 .28 .26 - .03 
E .19 .07 .47 .07 .19 - .11 .17 
All .048 .011 .295 - .012 .155 .057 .123 
J .14 .17 .14 - .01 .14 - .19 
K .12 .14 -.26 - .03 - .14 - .07 
L -.28 
- .25 - .06 - .11 - .03 - .23 
All - .006 .020 -.062 - .050 - .009 - .161 
Offspring 
survival  
A - .01 
- .22 - .05 .07 .09 .11 - .14 
B - .05 .03 - .20 .01 - .04 .27 - .13 
C .26 - .07 - .09 .02 - .23 - .02 - .24 
D - .14 .01 .01 .09 - .03 .26 .16 
E - .18 .19 .05 - .19 - .  05 - .06 - .12 
All  -.025 - .013 - .054 -.002 - .050 .110 - .094 
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Table 55. (Continued) 
Generation 
Line 0 1  2 " 3 ' 4 5 
J .00 - .03 .01 .03 - .05 - .09 
K —. 26 - .12 - .02 -  .06 - .01 - .25 
L - .04 .05 - .11 - .11 - .14 .01 
All  - .099 - .032 - .042 —. 043 -  .066 - .113 
Ferti l i ty 
i iatchabll l ty 
A .19 - .15 - .02 .15 .09 .14 .10 
3 - .15 .02 - .12 .  06 - .01 .  06 .23 
C - .11 .18 - .10 .39 .55 .50 .06 
D .16 .37 .13 - .12 - .03 .63 .49 
'£ .04 .21 - .02 - .16 .14 .56 - .03 
All  .026 .127 - .024 .064 .147 .301 .171 
J  .31 .03 - .05 .16 .06 .20 
K .16 .36 .02 .12 .16 - .04 
L - .10 .17 .25 .16 .53 —, 00 
All  .134 .186 .075 .147 .246 .052 
Offspring 
survival  
A -  .06 - .11 - .14 - .14 - .07 - .05 - .09 
B - .06 - .03 - .08 - .10 - .05 .09 .01 
C .28 .03 - .06 - .15 - .01 .44 - .24 
D - .20 - .17 - .22 - .13 .01 -  .00 .Ob 
E .01 .05 - .13 .16 .03 - .11 .01 
All  - .005 -  .046 - .125 - .070 - .019 .056 - .047 
J  
- .05 ,06 - .13 - .13 - .03 - .03 
xi - .07 — •  12 - .05 .11 - .14 — « 26 
L - .  06 .02 - .15 - .06 - .02 - .11 
All  - .056 - .053 - .110 - .027 -.  064 - .135 
Iiatchabll l ty 
Offspring 
survival  
A - .01 - .03 .05 - .05 - .04 .  06 T.07 
B - .16 - .04 .16 
- .09 .04 - .21 - .02 
C — .12 - .06 
- .07 - .27 - .02 .25 - .25 
D .13 - .02 .05 .01 .06 .14 .04 
.03 .15 .03 - .  04 .08 - .02 -  .09 
All  
—.025— .0002 .044 - .088 .024 .042 - .078 
J  - .02 .07 - .01 .05 - .03 .30 
K - .19 - .23 - .05 .03 .05 - .05 
L .  06 - .10 .02 - .08 - .12 .03 
All  - .052 - .085 - .011 .0003 - .033 .092 
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Table 56. Regression of fitness index on body weight 
Line 0 1 2 
Generation 
3 4 5 0 
A - .09 2.45 -2.0d -5.60* .20 .93 - .72 
B -20.02** -2.62 -5.50 -1.03 - .62 -3.87 .27 
C 3.94 .31 12.30* 16.23 26 .64* 6.83 14.44* 
D 1.26 -3.96 -8.51** -1.41 -4.18 -6.33 -2.97 
E 17.08* -3.05 -3.23 -.56 4.77 1.91 18.36* 
J 2.36 -3.59 -2.51 .62 -2.99 -5.78 
K 7.36 -2.85 -2.85 -6.68 -  .61 - .42 
L -3.42 1.66 -5.64* .44 - .27 -2.60 
* Significant at the 5% level, 
i"* Significant at the \°/o level. 
Table 57. .^.egression of fitness index on egg weight 
Generation 
Line 0 1 2 3 4 5 6 
A .11 .34 - .43 -  .46 -.81* .62 - .18 
- .31 -. 92* -.63 .59 -.08 -1.03* 
- .37 
C .59 .50 -1.17" .06 .95 .22 4.28** 
D -.76 - .44 -1.39* - .46 - .53 .56 - .79 
E 3.42* -1.11 1.29 1.04 1.93 -.69 .74 
J .03 -.02 - .34 -.27 -.30 - .03 
II .17 .63 - .11 - .24 .32 - .92 
L - .59 -.78 -1.72** - .31 -  .44 - .43 
Significant at the ^-fo level. 
Significant at the l^o level. 
Table 56. Multiple regression of fitness index on body weight 
(BW) and egg weight (E'Y) 
Generation 
Line Trait  0 1  2 3 4 5 6 
A 
- .53 1.78 -1.05 -4.50 2.08 -3.56 .04 
EW .13 .26 -.32 
-.23 - .87* • .78 - .18 
3 3//  -21.94% •* - .55 -2.91 -5.76 - .  55 -2.07 8 .22 
EW - .24 
- .91 - .51 .60 -.07 - .  98* - .42 
C 3\i 2.97 -3.39 14.53** 17.05 19.80 5.97 10 .16 
Evi 
.57 .63 -1.46** -.16 .92 .10 3 .59** 
Û BW 2.90 -3.63 -8.11** -1 .49 -3.26 -8.53* -2 .81 
EW -1.00 
- .33 -1 .43* - .47 - .45 .79* - .78 
*Significant at the 5;è level . 
**Significant at the Iji level. 
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Table 56. (Continued) 
Generation 
Line Trait  0 12 34 5 6 
E 3W 15.53* -1.36 -5.13 -1.84 3.15 2.84 14.  97 
EW 2.7s -1.04 1.49 1.15 1.84 - .79 37 
J  BW 2.45 -2.52 -2.33 1.40 -2.64 -6.43 
EW - .04 .10 - .19 - .41 - .27 .17 
BM 7.11 -3.97 -3.36 -7.42 -I .87 2.09 
EW .  08 .61 - .06 - .11 .34 -1.01 
L 3\-! -2.59 .44 -3.46 .45 .40 -1.50 
EW - .39 - .79 -1.36 - .30 - .46 - .36 
Significant at  the 592 level .  
Significant at  the Ifo level .  
Table 59.  Regression of hatchabil l ty on body weight 
Generation 
Line 0 1  2 3 4  5 6 
A 1.60 .33 - .05 -2.93 .90 1.02 X .75 
3 -6.66 -5.73 -5.26 -5.68 - .01 
-5.92 8 .53 
0 .31 7.94 4.59 6.70 26.69#* 21.58** 13 .75* 
D .42 1.24 -2.71 1.49 -9.62** -1.95 - .29 
E 6.30 -4.24 .14 .50 .27 7.65 19 .19 
J  .12 -4.11 .04 -3.29 - .11 .28 
K -8.76 -8.46^ .24 -9.29* -8.81 .45 
L -1.04 -2.25 -7.76** - .81 -1.73 3.53 
Significant at  the 5% level .  
Significant at  the Ifo level .  
Table 60.  Regression of hatchabil l ty on egg weight 
Generation 
Line 0 1 2 3 4 5 6 
A - .  44* - .05 - .52* - .31 -.86** .01 .13 
3 -1.02 - .  94 -1.19** - .80 
- .39 - .63 - .74 
G 1.37* .20 - .56 - .19 .54 1.10 4.91* 
D - .52 - .49 -1.88** - .59 - .75* .15 -1.55* 
E 3.62* -1.13 .75 1.25 1.17 .04 .48 
J  -  .46 - .32 .15 - .33 - .19 - .13 
K - .94 1.49* - .74 .31 
- .35 -1.15 
L .19 - .28 -1.93* - .91 -1.10 - .31 
* Significant at  the 5)6 level .  
** Significant at  the 1% level .  
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Table 61.  Multiple regression of hatchabil i ty on body weight 
(BW) and egg weight (EW) 
Line Trait 0 1 
Generation 
2 3 4 5 6 
A BW 4.18 .53 2.06 -1.95 3.28 .52 1.65 
EW -.65* - .07 - .62* - .22 - .96** - .02 .02 
3 BW -9.70 -3.87 -1.03 -2.39 .15 • -7.66 17.34** 
ZW -1.00 - .84 -1.14** - .79 -.39 -.23 - .82* 
C B'7 -1.95 8.76 — 5.38 11.35 29.69**14.05 9.72 
m 1.39# - .14 - .67 - .33 .49 .83 4.34** 
D 3\'I 1.58 1.90 -2.06 1.43 -8.21** -2.64 - .43 
EW - .67 - .56 -1.92** - .58 - .54 .22 -1.55* 
E BW 5.27 -2.64 - .89 -1.23 - .83 8.10 10.73 
EW 3.44* -1.00 .81 1.36 1.20 - .32 .66 
J BW 1.56 1.47 -.79 -2.71 - .45 .40 
EW 
-.55 - .39 .20 - .31 - .18 - .14 
BV7 -6 .08 
-5.91 4.08 -11.39 4.54 







L BW -1.71 -2.61 -5.78 - .68 - .62 5.74 
EW .32 - .18 -1.32 - .90 -1.08 -  .68 
Significant at the 5^ level. 
** Significant at the \°/o level. 
Table 62. Total per cent adult survival 
Line •0 1 2 
Generation 
3 4 5 6 
A 77.0 80.9 74.3 84.Ô 86.9 83.4 82.6 
B 77.0 89.3 78.8 79.4 91.3 80.1 76.2 
C 77.0 73.8 80.8 70.6 68.9 76.3 75.6 
D 77.0 78.6 78.3 66 .5 80.1 81.5 . 75.0 
E 77.0 78.5 77.2 75.3 81.4 85.3 86.2 
J 88.0 89.8 -90.1 89.5 90.1 95.1 
L 88.0 90.2 87.8 90.0 89.4 88.3 
L 88.0 90.3 87.7 87.6 88.0 91.5 
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Table 63.  Intensity of natural  selection (I)  
Generation 
Line 0 1 2 3 4 5 6 
Body weight 
2.38 5.89 2.89 .06 A - .53 -1.52 3.12 7 
B - .53 .24 9.89 16.42 .16 10.94 4 .47 
C 
- .53 1.05 3.74 - .42 16.28 4.35 4 .12 
D - .53 -1.44 3.19 9.91 15.37 5.84 3 .96 
E - .53 3.16 4.58 7.06 2.26 7.96 1 .96 
All - .53 .30 4.91 7.07 7.99 6.49 4 .31 
J .89 2.08 -1.06 1.03 .26 - .47 
K .89 5.39 3.35 .15 1.68 .86 
L .89 .02 - .40 1.86 .24 4.57 
All  .89 2.49 .63 1.01 .72 1.65 
ZRM w elRht 
-1.63 - .65 .56 A .92 .21 -.90 - .51 
B .92 - .27 -1.69 2.87 18.37 4.81 7 .47 
c .92 1.60 .30 - .62 -4.17 27.75 9 .13 
D .92 6.84 1.59 1.37 2.28 -1.70 2 .67 
E .92 -1.88 -2.88 -2.16 .82 1.35 5 .30 
All .92 1.30 -.86 .16 3.57 6 .26 4 .81 
J -.82 - .60 -.95 - .13 .92 .19 
K -.82 -1.77 -.09 -1.94 1.83 -2.02 
L -.32 -1.56 -1.44 - .  06 1.31 2.85 
All -.82 -1.31 -.83 - .71 1.35 .34 
Table 64.  Effective number of male and female 
parents 
Generation 












































































Table 64. (Continued) 
Line 0 1 2 
Generation 
3 4 5 6 
Fay 0 urn i  
J  13 
53 
9 
40 
13 
41 
14 
54 
14 
58 
16 
55 
K 8 
31 
6 
38 
8 
34 
Û 
40 
7 
40 
8 
26 
L 7 
29 
8 
32 
8 
37 
8 
40 
8 
49 
8 
40 
